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PREFACE 



I HAVE endeavoured in these pages to lay 
before the reader, in an easy and practical form, 
the modem theories of the aflfections of the 
Accommodation and Refraction of the Eye, so as 
to enable him at once to grasp the most salient 
and important points in the symptoms, diagnosis 
and treatment of these diseases. I have purposely 
abstained from mathematical calculations, and have 
confined myself to such simple formulsB as I have 
foimd most serviceable in practice. 

I have chiefly followed the views of Von Graefe 
and Donders in treating of these affections ; indeed, 
it is to their admirable and important researches 
that we are mainly indebted for the scientific 
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elucidation and treatment of this class of eye 
diseases. 

The favourable reception accorded to the first 
edition of this work, has encouraged me to enlarge 
the present considerably, in the hope of making it 
as complete a synopsis as possible of the group of 
diseases of which it treats. 

16, Satile Eow, W. 
November, 1864. 
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CHAPTEK I. 

THE ACCOMMODATION OF THE EYE. 

The affections of the refraction and accommodation 
of the eye are daily assuming more importance, 
and are engaging more and more the attention of 
some of our most able and scientific ophthahnolo- 
gists. For it is now known that certain forms of 
asthenopia and amblyopia which had in former 
times set aU remedies at defiance, are not due, as 
was generally supposed, to serious lesions of the 
inner tunics of the eyeball, but are in reality 
dependent upon some anomaly of the refraction of 
the eye, or a peculiar asymetry of the organ 
(astigmatism). Since the discovery of these im- 

B 
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portant facts a considerable group of cases has 
been found to be amenable to treatment ; cases 
which had formerly sorely puzzled the oculist, and 
were by him but too often deemed incin^ble. 

We are aU well acquainted with the anxious 
tale so often told by the over- worked student and 
literary man,, or by the distressed and care-worn 
artisan or sempstress. They complain that their 
eyes, which are to all appearance perfectly healthy, 
soon fail to fulfil their task, and speedily become 
wearied and fatigued during continuous employ- 
ment at near objects ; as, for instance, in reading, 
sewing, or engraving ; thus necessitating a more 
or less prolonged cessation firom work. This 
weakness of sight naturally renders these patients 
peculiarly anxious and nervous, leading them to 
fear that they are afflicted with some grave and 
dangerous affection, which threatens, either great 
impairment of vision, or even complete loss of 
sight. We are chiefly indebted to Bonders for 
the important discovery that this troublesome 
affection (asthenopia) is, in the majority of cases, 
due to hypermetropia, and may easily be cured by 
the proper use of glasses. 

The greater the strides which have been made 
in the investigations of the affections of the refrac- 
tion and accommodation, the more evident has it 
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become how essentially necessary it is that they 
should be thoroughly and carefully studied, and 
scientifically treated. I would, therefore, impress 
upon the student that> after he has made him- 
self conversant with the theoretical portion of the 
subject, it is only by a practical and oft-repeated 
examination of a considerable number of cases, that 
he can acquire the requisite facility in the exami- 
nation of the range of accommodation, the state 
of refraction, and in the choice of spectacles. To 
those who may consider these subjects somewhat 
abstruse and difficult, I would reply, that the 
difficulties lie only on the surface, and that a little 
perseverance and practice will soon enable them 
to imravel the knotty points. 

The selection of spectacles is of great impor- 
tance ; and I have no hesitation in saying that the 
empirical, haphazard plan of selection generally 
employed by opticians, is but too frequently at- 
tended by the worst consequences ; and that eyes 
are often permanently injured which might, by skil- 
ful treatment, have been preserved for years. For 
this reason, I must strongly urge upon medical 
men the necessity, not only of examining the state 
of the eyes and ascertaining the nature of the 
affection, but of going even a step ftuther than 
this, and determining with accuracy the number 

B 2 



4 THE ACCOMMODATION OF THE EYE. 

of the required lens. For this purpose they must 
possess a case of trial-glasses, contaming a com- 
plete assortment of concave and convex lenses ; — 
glasses of corresponding number being kept by the 
optician. The focal distance of the required glass 
is then to be written on a slip of paper, and the 
optician should supply the patient with the lens 
prescribed thereon. It is, in fact, only writing a 
prescription for spectacles. By so doing, we are 
assured that the patient is furnished with suitable 
and proper glasses. 



By the term " accommodation " is meant the 
power which every normal eye possesses of adjust- 
ing itself almost imperceptibly and unconsciously 
to different distances. At one moment, looking at 
something but a few inches from the eye, at the 
next regarding some far distant object, or taking 
in at a glance the vast expanse of miles of scenery. 

In a normal eye the whole apparatus of accom- 
modation is so beautifully balanced, its ftinctions 
performed with such ease and accuracy, that> 
although in reality a voluntary act, its duties are 
from early childhood fulfilled intuitively, uncon- 
sciously. No wonder, then, that this power of 
adjustment of the eye to different distances has 
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been a favourite study with some of the most 
eminent physiologists and natural philosophers. 

That such a power is essentially necessary will 
become at once apparent by a consideration of the 
following fact, and a glance at Fig. 1. 

Let us assume that the normal eye when in a 
state of rest is adjusted for objects at an infinite 
distance* (rays from which may be considered as 
being parallel), i. e., rays emanating from such an 
object are brought to a focus upon the retina with- 
out any effort of accommodation. But when the 
object is brought much nearer, the rays from it 
will become divergent, and will now no longer come 
to a focus upon the retina, but behind it, if the eye 
does not undergo some change which will increase 



* As the tenn infinite distance will necessarily be of 
constant recurrence in these pages, it will be well to explain 
its signification at the outset. We consider an object to be at 
a finite distance as long as rays emanating from it fall in a 
divergent direction upon the eye. Of course rays from even 
a very distant object do in reality diverge, but this divergence 
(which naturally decreases in extent the further the object 
is removed) is already so slight, when the object is placed at 
a distance of 18 or 20 feet, that the rays from it impinge, to 
all intents and purposes, parallel upon the eye ; and we there- 
fore consider rays coming from an object further than 18 feet 
as parallel, and as emanating from an object at an infinite dis- 
tance. Rays coming from a nearer object are divergent in 
proportion to its proximity, and are considered as coming 
from a finite distance. 
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its refraction and unite these divergent rays upon 
the retina. 

The accompanying figure will explain this : it 
represents a normal eye in a state of rest, so that 

Fig. 1. 



■^^ 



parallel rays (a), emanating from an object at an 
infinite distance (at or beyond 18 feet from the eye), 
are brought to a focus upon the retina (b), with- 
out any effort of the accommodation. If the object 
be now gradually approximated much nearer to the 
eye, to c, say 12 inches from the eye, the rays from 
it will be strongly divergent, and will be brought 
to a focus behind the retina at d, if the eye does 
not accommodate itself for them and undergo some 
change in form (becoming proportionately longer), 
or if its power of refraction be not increased by 
some change in its apparatus of refraction, so that 
the rays will be united upon the retina. For if 
this is not the case, and the rays are united behind 
the retina, circles of diffusion will be formed upon 
the latter, and the object appear blurred and in- 
distinct. 



THE ACCX)MMODATION OF THE EYE. 7 

It is very necessary carefiilly to distinguish 
between the meaning of the terms refraction and 
accommodation, as they signify two perfectly diffe- 
rent things. 

By refraction is understood the passive power 
which every eye possesses, when in a state of rest, 
— i. e., adjusted for its far point — of bringing 
certain rays to a focus upon the retina without 
any active effort or participation of the muscular 
apparatus of accommodation. This power of refrac- 
tion is due to the form of the eye and its different 
refractive media. 

We have just seen (Fig. 1) that the state of 
refraction of the normal eye is such that, when it 
is in a state of rest, parallel rays are brought to a 
focus upon the retina without any effort of the 
accommodation Its furthest point of distinct 
vision lies at an infinite distance. Bonders terms 
this condition Emmetropia. He says,* "The 
refraction of the media of the eye at rest can be 
called normal in reference to the situation of the 
retina, only when parallel incident rays unite on 
the layer of rods and bulbs. Then, in fact, the 
limit lies precisely at the measure ; then there 
exists emmetropia (from e/A/^er/oo?, modum tenens, 

• Dondere **0n the Anomalies of Accommodation and 
Refraction of the Eye," p. 81. New Sydenham Society, 1864. 
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and ft)-^, oculus). Such an eye we term emme- 
tropic. 

" This name expresses perfectly what we mean. 
The eye cannot be called a normal eye, for it may 
very easily be abnormal or morbid, and never- 
theless it may be emmetropic. Neither is the 
expression normally constructed eye quite correct, 
for the structure of an emmetropic eye may, in 
many respects, be abnormal, and emmetropia may 
exist with difference of structure. Hence the word 
emmetropia appears alone to express with precision 
and accuracy the condition alluded to.'^ 

The state of refraction may deviate from the 
emmetropic condition in two ways. 

1. The principal focus of the eye, when ad- 
justed for its far point, hes in front of the retina 
(myopia). 

2. The principal focus hes behind the retina 
(hypermetropia). 

In the myopic eye parallel rays are not united 
upon the retina, but in front of it, when the eye is 
in a state of rest. The eyeball, in fact, is either 
too long, or the state of refraction too high, so that 
when the eye is adjusted for its far point only 
those rays which come from a finite distance, and 
impinge in a sufficiently, divergent direction upon 
the eye, are united upon the retina. 
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Fig. 2 represents a myopic eye, in which parallel 
rays are brought to a focus, not upon the retina 

Fig. 2. 




(r), but before it (f) ; circles of diffiision (bb) are 
formed upon the retina, and the object, conse- 
quently, looks indistinct and blurred. In order to 
render the myopic eye capable of seeing distant 
objects (rays from which impinge in a parallel 
direction upon the eye), we must place that con- 
cave lens before it which will give the parallel rays 
such a divergent direction that they are united 
upon the retina. 

In hypermetropia, on the other hand, the re- 
fractive power of the eye is too low, or the antero- 
posterior axis of the eyeball too short, so that when 
the eye is in a state of rest, parallel rays are not 
\mited upon the retina, but behind it, and only 
convergent rays are brought to a focus upon the 
latter. 

Fig. 3 represents a hypermetropic eye, in which, 
either on account of its being too short in the 
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antero-posterior axis, or its possessing too low a 
power of refraction, parallel rays are brought to a 

Fig. 3. 




focus, not upon the retina (r), but behind it at f ; 
circles of diffusion (bb) are formed upon the re- 
tina, and the object appears indistinct. To remedy 
this the eye undergoes a change in its accommoda- 
tion, so as to increase its power of refraction 
sufficiently to unite parallel rays at r. The less the 
power of refraction of the hypermetropic eye the 
greater must be this effort of the accommodation ; 
and it must increase, of course, proportionately 
as the object is brought nearer to the eye. By 
placing a smtable convex lens before the eye the 
parallel rays are rendered so convergent that they 
are united upon the retina (r) without any effort 
of the accommodation ; and we thus place the 
hypermetropic in the same condition as the emme- 
tropic eye, upon the retina of which paraDel rays 
are imited without any effort of the accommodation. 
On comparing these three figures the reader 
wiU at a glance observe the' difference between the 
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emmetropic, the myopic, and the hypermetropic 
eye. 

In the emmetropic eye, rays from an infinite 
distance are united upon the baciUar layer of the 
retina without any effort of the accommodation. 
The Kmit lies at the measure, hence the name 
emmetropic When the eye is in a state of rest, 
the posterior principal focus of its dioptric system 
falls on the external layer of the retina. 

In a state of rest, the myopic eye is not 
adjusted for parallel, but for more or less divergent 
rays, and the parallel rays are, therefore, brought 
to a focus before the retina. The posterior prin- 
cipal focus lies, consequently, in front of the retina ; 
the furthest limit lies within the normal measure : 
the measure is too short, and hence Bonders has 
proposed the name brachymetropia (^pa^v?, brevis, 
fierpo^y modus, co^, oculus). He thinks it however 
preferable to retain the old term myopia. 

The hypermetropic eye, when in a state of 
rest, is, on the contrary, adjusted for convergent 
rays, parallel rays being brought to a focus behind 
the retina. The posterior principal focus lies be- 
hind the bacillar layer of the retina ; its limit Hes 
beyond the measure, and he has therefore termed it 
hypermetropia (vwep, super, fierpo^, modus, o)-^, 
oculus). 
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In order to express that the eye is not emme- 
tropic, Bonders proposes the term ametropia (from 
afierpos, extra modum, and coi/r, oculus) ; and he 
observes that brachymetropia and hypermetropia 
are both, therefore, referrible to it. Formerly pres- 
byopia and myopia were supposed to be opposite 
conditions. This is, however, erroneous. In 
myopia there is an abnormal position of the far point, 
whereas in presbyopia the position of the far point 
is normal, but that of the near point is changed, 
being removed further from the eye. Indeed, we 
may have the two conditions co-existing. Pres- 
byopia is not, therefore, an anomaly of refraction, 
but a diminution in the range of accommodation. 



It has long been a keenly debated question in 
what the changes of accommodation of the eye 
consist, and various opinions have been advanced. 
Some have thought that the cornea underwent some 
alteration during accommodation for near objects, 
so that its power of refraction was increased, and 
the eye enabled to adjust itself for reading, writing, 
&c. ; but, apart from other reasons against this 
theory, Helmholtz has shown, with his ophthalmo- 
meter, that there is no alteration in the curvature 
of the cornea diuing accommodation. 
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Others have supposed that the muscles of the 
eyeball play an important part in bringing about, 
in conjunction with the ciliary muscle, the adjust- 
ment for near objects. Arlt, one of the warmest 
supporters of this theory, says : — " The accommo- 
dation or adjustment of the eye for near objects is 
brought about by the elongation of the eyeball in 
the optic axis, by the pushing back of the posterior 
wall of the eyeball, and by the retrogression of the 
yellow spot and its vicinity. The organs causing 
this are, on the one hand, the straight and oblique 
muscles of the eye ; on the other, the ciliary 
muscle — ^they being simultaneously placed in a 
higher state of tension," kcJ^ 

But that the act of accommodation for near 
objects is not due to the action of the external 
muscles of the eyeball, is incontrovertibly proved 
by a case of Von Graefe's, in which all the recti 
and obUqui muscles of both eyes were paralysed, 
so that the eyes were completely immovable, and 
yet the power of accommodation was perfect. 

It has at length, however, been definitely set- 
tled, chiefly by the experiments of Cramer and 
Helmholtz (conducted independently of each other), 
that the necessary change in the refraction of the 
eye during accommodation is due to an alteration 
• Arlt, Vol. Ill, 207. 
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in the form of the crystaUine lens. Hehnholtz 
found, by means of his ophthahnometer, that the 
lens did not change its position during accommoda- 
tion for near objects, but that this was brought 
about by a change in the curvature of the anterior 
and posterior surfaces of the lens, which become 
more convex (the lens itself thicker from before 
backwards), so that the lens acquires a higher 
power of refraction, and consequently a less focal 
distance, by which means rays from objects even 
very near are brought to a focus upon the retina. 
He found, with the ophthalmometer, that the eye 
undergoes the following changes during accommo- 
dation for near objects : 

1. The pupil diminishes in size. 

2. The pupillary edge of the iris moves for- 
wards. 

3. The peripheral portion of iris moves back- 
wards. 

4. The anterior surface of the lens becomes 
more convex (arched), and its vertex moves for- 
wards. 

5. The posterior surface of the lens also be- 
comes slightly more arched, but does not perceptibly 
change its position. The lens, therefore, becomes 
thicker in the centre. 

As the volume of the lens must remain the 
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same, he thinks that we may, moreover, assume 
that the transverse diameter of the lens becomes 
diminished. He finds, from calculation, that these 
changes in the lens are quite sufficient for all 
accommodative purposes. 

Fig. 4"^ illustrates the changes which the eye 
undergoes during accommodation. The anterior 

Fig. 4. 




portion of the eye is divided into two equal parts. 
The one half, f, shows the position of the parts when 
the eye is adjusted for distance, the other, N, when 
it is accommodated for near objects. When the 
eye is in a state of rest, the iris forms a curve (a) 
in the vicinity of Schlemm's canal (s) ; but when 
accommodated for near objects, the fibres of the 
iris suffer contraction, the periphery of the iris 
♦ Helmholtz. 
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straightened (b), and the anterior chamber length- 
ened, thus making up for its loss in depth, through 
the advance of the anterior surface of the lens. 

There being now no doubt that the accommo- 
dation of the eye is due to a change in the form of 
the lens, the next question is, by what means is 
this change produced ? and this brings us to the 
consideration of the much-debated, but yet un- 
settled question of the mechanism of accommo- 
dation. 

This change in the form of the lens has been 
considered to result chiefly from the combined 
action of the iris and ciliary muscle, some phy- 
siologists giving the pre-eminence to the iris, others 
to the ciliary muscle. Before entering into this 
question, it will be well just to glance at the ana- 
tomical position of the parts involved, by referring 
to Plates 1 and 2.** 

Description of Lithographic Plates. 
Fig. 5. 

Horizontal section of the human eye, X 5. 

S. Sclerotic. 

s c. Sclerotic conjunctiva. 

s o\ Epithelium of the same. 

* Copied from Ecker's beautiful " Icones Physiologicse." 




• I 






'^'fc- 



OF TH1-: : » .. 

, (■ in ' ii'* : 



uij: 



-. t-)^ p 



^•neK r J -■. . . 



* / 



Ii^.5. 




THE ACCOMMODATION OF THE EYE. 17 

C Cornea. 

c c. Its anterior elastic lamina, passing over 
from the layer of connective tissue of the sclerotic 
conjunctiva. 

c c'. Epithelium of the anterior surface of the 
cornea. 

C D. Membrane of Descemet. 

c s L Canal of Schlemm (circular sinus). 

The sclerotic, when denuded of conjunctiva, is 
thinner than the cornea. As the conjunctiva 
becomes rapidly thinned at the spot where the 
sclerotic passes over into the cornea, the sclerotic 
appears to be constricted at the place of transition. 

Ch. Choroid. 

Ch p. Its pigment layer. 

P a Ciliary processes. On the right side the 
section is carried through the ciliary process. As 
the surface of the latter is uneven and nodulated, 
the edge of the section appears scalloped. On the 
left side the section is carried between two ciliary 
processes — the process may be seen sticking in the 
fold of the zonula. The ciliary processes do not 
reach quite up to the lens, but remain about half a 
millimetre distant from its equator. 

m ci. Ciliary muscle (for whose origin and 
course vide Fig. 5). 

I. Iris. This is thinnest at its origin, becom- 

c 
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ing thicker towards the edge of the pupil, towards 
which it is bevelled off. 

R. Retina. 

R o. Ora serrata. 

N o. Optic nerve. 

f c. Fovea centralis (yellow spot). 

H. Hyaloid. 

H*. Place of its division into two laminaB. 
About one line from the ora serrata, the hyaloid 
lies close against the external tunics (retina),' and 
from thence passes on free towards the lens. Here, 
therefore, the division occurs. The elevation of 
the ciliary processes does not, however, take place 
till about one line fiirther forwards 

W. Anterior layer of the hyaloid passing over 
the ciliary processes (zonula Zinnii). Now, as this 
layer covers the ciliary processes, it must, of coiu^e, 
assume a folded appearance. 

The ciliary processes, as far as they extend, are 
set in the folds of the zonula ; but, from the spot 
where the ciliary processes cease, the folded zonula 
(Z) (whose folds are now, however, empty, less 
deep, and — ^because the circumference of the lens 
is smaller — plaited more closely together) passes 
on to the edge of the capsule of the lens, to which, 
blending with it, it attaches itself On the left 
side, where the section passes between two ciliary 
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processes, may be observed the two layers of the 
zonula-fold {z z') between which the ciliary process 
lies ; it may also be seen how this fold passes on 
(empty) beyond the ciKary processes to the lens. 
It is evident, therefore, that the line of junction 
which the zonula (folded in plaits) forms at the 
capsule corresponds to the cross section of a plait, 
and consequently assimies a wavy appearance. 

H'''. The posterior lamina of the hyaloid ; this 
is attached behind the equator of the lens, and 
forms the posterior wall of the canal of Petit. 

CP. Canal of Petit. 

L. Lens. 

C V. Vitreous humour. 

V a. Anterior chamber. 

h a. Posterior chamber. 

Fig. 6. 

Section of the parts of the human eye concerned 
in accommodation X 15. 

C Cornea. 

c c. Its anterior elastic lamina passing over 
from the layer of connective tissue (s c) of the 
sclerotic. 

c c'. Epithelium of the anterior surface of the 
cornea. 

c 2 
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C D. Membrane of Descemet ; its homoge- 
neous lamella. 

C D E. Its epithelium. 

S. Sclerotic. 

s c. Vascular layer of connective tissue of the 
sclerotic conjunctiva. 

s c'. Its epitheliimi. 

The tissue of the cornea passes over into that 
of the sclerotic without any well-defined boimdary. 
The place of the caudated corneal corpuscles is 
gradually supplied by elastic meshes, and that of 
the homogeneous corneal plates between them, by 
layers of fibrous connective tissue. The elastic 
meshes are particularly close together in the viciQity 
of Schlemm's canal, nmning here also, by prefe- 
rence, in a circular direction. 

c s 1. Canal of Schlemm. 

In the vicinity of this canal, (at C D*) the 
homogeneous lannna of the membrane of Descemet 
splits up into a number of fibrous plates, which 
appear first at the outer side, so that the membrane 
of Descemet seems to termiaate with its edge 
bevelled off towards the inner side. These fibres, 
whose character appears to lie midway between 
the elastic and the fibrous connective tissue, are 
thus distributed : (1), the external (a) pass over 
into the elastic meshes of the sclerotic, and par- 
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ticularly, into the external wall of Schlemm's canal ; 
(2), the middle fibres (m) serve as an origin for 
the ciliary muscle ; (3), the most internal (i), form- 
ing the ligamentimi pectinatimi (pillars of the iris), 
are connected with the iris. 

Ch. Choroid. 

C p. Its pigment layer. 

P c. Ciliary process (a longitudinal section). 

On account of its uneven, nodulated surface, 
the section of the tissue appears at one place edged 
with pigment, and at another deeper portions of 
the surface appear not touched by the section. 

m c i Ciliary muscle ; its fibres run in a wavy 
manner, the greater portion of them lying in the 
direction of the meridians, and can be easily peeled 
off. When these have been removed, other fibres 
are also seen to run in a transverse direction 
(m ci').* It is probable that the one set bend 
roimd and pass over into the other, thus formi^^c! 
arcades. This has not, however, yet been asc?. 
tained with certainty.f 



* Circular fibres of Miiller. 

f The following is Kolliker's description of the ciliary 
muscle : " The ligamentum ciliare of anatomists, called also 
musculus ciliaris or tensor choroideaB, was recognised as being 
of a muscular nature, almost simultaneously, by Brucke and 
Bowman ; it is a tolerably thick lamina of radiating, smooth, 
muscular fasciculi, which pass from the most anterior border 
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I. Iris. 

i p. Pigment layer. 

In the substance of the iris radiating fasciculi 
of connective tissue are seen. 
R. Retina. 
R o. Ora serrata. 
H. Hyaloid. 

H^. Place of its division, 
H'. Zonula. 

of the sclerotic to the corpus ciliare, and are lost in the 
anterior half of that body, at the spot corresponding to the 
situation of the ciliary processes internally. More accurately 
described, the ciliary muscle arises at that part of the sclerotic 
where it is furrowed for the formation of the venous sinus of 
Schlemm {vide Fig. 4, c s 1) ; indeed, it is from a special dense, 
smooth tract, which, whilst forming the inner wall of the 
above-mentioned canal, coalesces with the sclerotic, receiving 
at the same time a part of the fibrous networks prolonged 
from the membrane of Desmours ; the last-mentioned fibres 
coalesce perfectly with the similar elements of the special 
tract, which are, however, finer, anastomose more densely, 
and have a circular direction. The termination of the ciliary 
muscle is at the attached part of the ciliary processes, but 
not in these structures themselves. The muscular elements 
are somewhat shorter (0-02'") and broader (0-003'" to 0-004'") 
than the ordinary fibre cells, and are finely granular and very 
delicate ; they are, indeed, so perishable, that they cannot be 
easily isolated in the human subject. Very lately, H. Mtiller 
has discovered a circular muscular layer, quite anteriorly 
beneath the radiating fibres of the ciliary muscle ; and this I 
call the circular muscle of Miiller. The latter forms the 
deepest and most anterior layer of the ciliary muscle close to 
the insertion of the iris." 
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Z. Ite free portion. 

H". Posterior lamina of the hyaloid. 

c. p. Canal of Petit. 

L. Lens. 

L. c. Capsule of lens. 

V. a. Anterior chamber. 

h. a. Posterior chamber. 

Cramer supposed that the arching forward of 
the lens is caused by the iris, its dilatator and 
sphincter being simultaneously contracted, the 
peripheral portion of the iris at the same time 
moving backwards. By this means a certain 
amoimt of pressure is exerted upon the peri- 
pheral portion of the lens which is covered by 
the iris, in consequence of which pressure the 
anterior surface of the lens must become more 
arched. The simultaneous tension of the radial 
and circular fibres of the iris have the effect 
of decreasing the pressure in the anterior chamber, 
and increasing that in the vitreous. He thinks 
that the ciUary muscle acts in so far that it pre- 
vents the lens being pushed backwards under the 
pressure of the iris, and that it defends the retina 
from deleterious pressure. 

Bonders agrees on the whole with these opi- 
nions, but thinks, also, that the ciUary muscle, by 
drawing the peripheral edge of the iris backwards 
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against the wall of the canal oi Schlemm, forms a 
fixed point for the action of the dilatator pupiUse. 
This would form the posterior fixed point, the 
anterior being formed by the contracted sphincter 
pupiUae. Bonders, moreover, vindicates the im- 
portance of the ciliary muscle during accommoda- 
tion, for he says, *' I consider this muscle (ciliary 
muscle) just as important for the change in the 
form of the lens as the muscular fibres of the 
iris. Without it, the iris would not be able to 
exert a pressure of any importance upon the lens/' 
Hehnholtz, however, shows that, although these 
theories of Cramer and* Bonders suffice to explain 
the arching forward of the anterior surface of the 
lens, they do not suffice for the explanation of the 
whole change in the form of the lens which occurs 
during accommodation for near objects. Heinrich 
MtiUer gives the following very clear resum^ of 
Helmholtz views : — " Finally, Hehnholtz thinks 
with Bonders that the iris, in conjunction with 
the ciliary muscle, is the chief organ of accom- 
modation. He, however, believes that the reces- 
sion of the peripheral portions of the iris may 
also be explained by the tension of the dilatator, 
the latter levelling the iris, which was before 
slightly bent (vide Fig. 2), by the action of the 
elastic fibres of the Ugamentum pectinatum (pillars 
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of the iris), and laid along the whole breadth of 
the canal of Schlemm against the inner wall of the 
latter. Besides this, Helmholtz also assumes that 
the ciliary muscle not only draws the insertion of 
the iris backwards, but also draws the posterior 
ends of the ciliary processes forwards, thus causing 
a relaxation of the zonula, which in its turn 
again favours the increase in the thickness of 
the lens.'' 

Heinrich MiiUer attaches far greater import- 
ance to the action of the ciliary muscle than to 
the iris. He, moreover, discovered that the ciliary 
muscle consists of two different sets of fibres — a, 
radiating longitudinal and a circular. (Vide F^. 4, 
m c i, and m c i'.) 

He ascribes a different action to each set of 
fibres, and has come to the foUowing conclusions 
as to the probable action of the different parts 
concerned in accommodation. He thinks that^ — 

1. "The circular fibres of the ciliary muscle 
exert a pressure upon the edge of the lens, by 
means of which- the latter becomes thicker. 

2. " The longitudinal fibres of the muscle cause 
an increase of tension in the vitreous humour, on 
account of which the posterior surface of the lens 
is prevented from shifting, and the action of the 

* Von Graefe's, Archiv. Ill, 1, 23. 
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peripheral pressure is chiefly confined to the an- 
terior surface. 

3. ** The pressure of the tense iris on the 
peripheral portion of the anterior surface of the 
lens assists in increasing the convexity (arching 
forward) of the latter, and in preventing the arch- 
ing of the posterior surface. 

4. " The arching forward of the centre of the 
anterior surface of the lens is rendered possible 
and favoured by the recession of the peripheral 
portion of the iris, which is accompanied with a 
contraction of the deeper (circular) layer of the 
ciliary muscle and the iris. 

5. " The contraction of the ciliary muscle causes 
finally a relaxation of the anterior portion of the 
zonula, by which means again the increase in the 
thickness of the lens is promoted.'' 

We have shewn how Cramer, Bonders, Helm- 
holtz, Muller, as well as many other observers, 
have considered the iris to play a more or less 
important part in the mechanism of acco^amoda- 
tion. It was difficult, indeed impossible, to de- 
termine with accuracy the relative amount of 
importance of the iris or ciliary muscle even after 
the most careful dissections and most elaborate 
investigations. This question as to the import- 
ance of the iris in accommodation has, however. 
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been most thoroughly set at rest by a case which 
occurred in Von Graefe's clinique about four years 
ago, and which has proved of the greatest import- 
ance in settling this question. The following is 
the history of the accident : — 

*'Carl S., a locksmith, 27 y^ars of age, was 
injured, on the 30th November, 1859, by a chip 
of metal which flew against his right eye. This 
was at once followed by dimness of vision and 
violent pain, the latter soon yielded to cold appli- 
cations, a shght sensation of pressure only re- 
maining, the former partially persisted. On his 
presenting himself at the clinique the next day, 
I found a tolerably large prolapse of the iris near 
the outer edge of the cornea, including the edge of 
the iris, the pupil being correspondently displaced. 
Vision was somewhat impaired, on account of the 
abnormal curvature of the cornea after the pro- 
lapse of the iris, and on accoimt of a sHght infil- 
tration of the cornea. The patient was placed in 
bed, atropine dropped in, and the hds closed with 
plaister. On the fourth day after the accident, 
the prolapse was considerably swollen, and I pro- 
ceeded to abscise it (contrary to my usual practice) 
with a pair of scissors.^ Whilst the scissors were 

* Graefe generally, in abscising a prolapse of the iris, first 
punctures it with the point of a cataract knife, allows the 



28 THE ACCOMMODATION OF THE EYE. 

cutting, the patient made a sudden violent move- 
ment with his head, which the assistant could not 
check ; the iris was somewhat dragged, and a dialysis 
occurred on the opposite side. The patient was at 
once placed in a recumbent position, and the por- 
tion of the iris still lying between the lips of the 
wound, was drawn gradually out until the dialysis 
was complete.^ The removed portion of iris being 
spread out, it was thus ascertained that the whole 
iris had been removed. The sKght eflfiision of 
blood soon disappeared from the anterior chamber ; 
indeed, I have generally noticed that the bleeding 
lasts a shorter time in total dialyses than when 
they are partial (perhaps on account of the incom- 
plete separation of the blood-vessels at the edge of 
the hiatus which occurs in the latter case). Ten 
days after the operation the cornea had also re- 
gained its transparency. 

"On examining the eye with the ophthalmo- 
scope, the denuded ciliary processes could be seen 
in all directions ; between them and the equator 
of the lens (on looking greatly to one side) the 
outlines of the folds of the zonula became visible. 

aqueous humour to flow off, and then, seizing the collapsed 
iris with a straight pair of iridectomy forceps, snips it off. 
In this way the size of the lumen can be more accurately 
determined, and" the danger of causing a dialysis of the iris 
is avoided. 
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The depth of the anterior chamber did not appear, 
as far as could be judged from the reflex images, 
to have suffered at all." 

The state of vision of this eye may be judged 
from the following table : — 



The patient can count fingers at 
Read No. 20 of Jager at 






y> 16 „ 

„ 11 „ 

« 8 99 

»» J- ft 



99 
99 

99 



9} 



150 feet. 
24 „ 
10 „ 

3 „ 

20 inches. 
U „ 

9 „ 

8 „ 



The latter print (No. 1 "briUiant'O with slight 
difficulty, but with precision, the rest he reads 
quite fluently. 

The power of accommodation of this eye was 
most accinrately and severely tested by several 
different methods, and it was foimd that, in spite 
of the total absence of the iris, his power of accom- 
modation was quite normal (about ^).* Another 
highly important and interesting fact was, that 
after the instillation of a strong solution of atro- 



♦ For a full account of these experiments I must refer to 
Von Oraefe's account of this case.— Archiv. vii. 2, 26. 
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pine, the power of accommodation was completely 
paralysed. 

This case proves not only that the changes of 
accommodation are independent of the presence 
of the iris, but also that the action of atropine on 
the accommodation is independent of it. The 
ciliary muscle must be the most active agent in 
both cases. The mode of this action could not 
be gathered from the position of the ciliary pro- 
cesses, this only appearing certain, that their 
accurate contiguity to the equator of the lens 
is not necessary. 

NEGATIVE ACCOMMODATION. 

We have assumed that when the normal eye 
is in a state of absolute rest, parallel rays (ema- 
nating from objects at an infinite distance) are 
brought to a focus upon the retina, and that a 
positive change of the accommodative apparatus 
within the eye is only required for objects at a 
finite distance. But it is thought by some (par- 
ticularly Weber and Von Graefe) that the eye, 
when in a state of rest, is adjusted neither for its 
far nor for its near point, but for a distance 
between the two, and that adjustment for either 
nearer or more distant objects necessitates an 
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effort of accommodation. Now, if we call the 
adjustment for near objects the positive accommo- 
dation, that for distant objects may be designated 
the negative. 

Von Graefe thinks that, by the help of cer- 
tain accessory powers (chiefly the external muscles 
of the eyeball), which exert a slight pressure upon 
the eye, and flatten the cornea a little, the re- 
fraction of the eye is somewhat diminished, and 
the far point removed stiU fiirther than when the 
eye is in a state of absolute rest. 

Henke has, however, lately advanced the theory 
that the negative and positive accommodations are 
produced by the action of the cihary muscle, which 
he would divide into two, according to the direc- 
tion of the fibres, viz., the " musculus circularis'' 
and the " musculus radialis." He considers their 
action to be different and antagonistic, and thinks 
that in accommodation for near objects the circular 
muscle is contracted, the radial extended, whereas 
in accommodation for distance the reverse occurs — 
the radial muscle being contracted, the circular 
extended.* 

The discovery of the circular fibres in the 
ciliary muscle is imdoubtedly of great importance, 

* " Der Mechanismus der Accommodation fur Nalie und 
Feme." Henke. Graefe's Archiv. vi. 2, 63. 
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although some think that their action is ahnost 
completely neutralised by the longitudinal fibres. 
The mechanism of the accommodation could be, 
indeed, more easily explained if we might assiune 
that the radial and circular fibres were supplied by 
branches firom different nerves, and that they stood 
in a similar antagonistic relation to each other 
as the dilatator and sphincter pupiUae. 

The chief argument against the theory that the 
eye accommodates itself actively for distant objects 
is in the action of a strong solution of atropine, 
which paralyses the power of accommodation but 
does not interfere with the distant vision of the 
emmetropic eye, and does not change the position 
of the far point. 
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CHAPTER IL 

EANGE OF ACCOMMODATION. 

Before we speak of the mode of examining the 
range of accommodation it will be well to consider 
what test-types are the best for the purpose of 
determining the acuteness of vision, and the posi- 
tion of the near and far point. Formerly Jaeger^s 
test-types were chiefly in use, but they did not 
afford us a perfect clue to the acuteness of vision ; 
for instance, a person might be able to read No. 1 
of Jaeger, and yet not enjoy a normal acuteness of 
sight. Snellen has now furnished us with a set of 
test-types which fulfil this desideratum, for their 
size increases at a definite ratio, so that No. I is . 
seen by the normal eye up to 1' at an angle of 
5 minutes. No. I cannot generally be seen farther 
than 1', No. II at 2', and so on.*^ 

* At Professor Longmore's suggestion, Dr. Snellen has 
given in his second edition of the Test-types some tables 
containing a series of figures and single numbers, for the 
examination of such recruits for the British army as are 
unable to read. For further information as to the examina- 
tion of the sight of recruits, I must refer the reader to 
Professor Longmore's excellent " Ophthalmic Manual," which 
I \vould also recommend to the especial notice of the surgeons 

D 
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Now, if the eye is suffering from any dimi- 
nution of acuteness of vision, it will require to see 
the letters under a larger angle than that of 
5 minutes, in order to gain larger retinal images. 
No. I cannot be read at a distance of 1', but only, 
perhaps. No. IV or V. We may easily calculate 
the degree of the acuteness of vision thus : 

" The utmost distance at which the types are 
recognised (d) divided by the distance at which 
they appear at an angle of 5 minutes (D), gives 
the formula for the acuteness of vision (V). 

"If d and D be found equal, and No. XX 
be thus visible at a distance of 20 feet, then 

20 
V = 2Q = 1; in other words, there is normal 

acuteness of vision. If, on the contrary, d be less 
than D, and if No. XX is only visible within 10 feet. 
No. X only within 2 feet, No. YI only within 1 foot, 
these three cases are thus respectively expressed : 

'^ 20 2 

^10-5 

of the Militia and of Volunteer corps. These test-types may- 
be obtained at Messrs. Williams and Norgate, Henrietta 
Street, Covent Garden. 
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d may sometimes be greater than D, and No. XX 
be visible at a greater distance than 20 feet. In 
such cases the acuteness of vision is greater than 
the normal average. (Snellen.) 



When the eye has assumed its highest state of 
refraction, it is accommodated for its nearest 'point 
of distinct vision ; when its state of refraction is, 
on the other hand, relaxed to the utmost, it is 
adjusted for its farthest point. 

The power of the ciliary muscle is, however, 
limited ; and consequently the lens is only capable 
of a certain increase in its convexity, and the 
accommodation for near objects has, therefore, also 
its limit, and the near point cannot be brought 
nearer than a certain distance to the eye. In 
normal eyes the nearest point of distinct vision 
lies at about 3|- or 4 inches from the eye ; this 
varies, however, according to the age of the 
patient ; for, as we shall afterwards show, the near 
point recedes farther and farther from the eye 
with advancing years. For continued work at 
near objects — engraving, &c. — the near point lies 
at about 5 inches. Few eyes, indeed, can bear to 
work for any length of time with the object nearer 
than this. The farthest point of distinct vision in 

D 2 
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the normal eye is at an infinite distance (parallel 
rays). 

The distance between the farthest point (r), and 
the nearest "point (p) of distinct vision is called the 
territory or range of accommodation. The extent 
of this range must vary, of covirse, according to the 
strength and efficiency of the cUiary muscle, the 
elasticity of the lens, and the age of the patient. 

If we know the distance of R from the farthest 
point of distinct vision, and that of P from the 
nearest, we may easily find the range of accom- 
modation -J by the following formula : 

A - P "" R 

The distances P and R may, according to 
Donders, be calculated from the nearest pouit, p, 
and from the farthest point, r, of distinct vision, to 
a point situated about 3''' behind the anterior 
surface of the cornea in the eye, called the ante- 
rior nodal point, k^ He says, further : 

" The meaning of the formula for the range of 
accommodation — 

JL - JL L 
A - P "■ R 

is easily understood. In this formula A is the 

focal length of a lens, which gives a direction to 

the rays from the nearest point of distinct vision. 
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p, as if they come from the farthest point, r. The 
subjoined fig. (7) illustrates this. The eye in the 
condition of rest, is accommo- Yiq. 7. 

dated for the distance r k'= R; 
in the strongest tension of ac- 
commodation, for the distance 
p k' = P. In the former case, 
the rays diverging from r are 
imited on the retina ; in the 
latter those diverging from p. 
In accommodation, therefore, 
the eye must, be so altered, 
that the rays proceeding from 
p, in the vitreous humour, ac- 
quire a direction equal to that 
of the rays proceeding from r 
in the non-accommodated eye. 
This can be effected by placing an 
auxiliary lens in k', and we may 
thus imagine the eye away, and 
suppose that the auxihary lens 
in k' is in the air. The lens 
now represents the accommo- 
dation of the eye, and its power 
the range of accommodation. 
The focal distance, A, is found by the formula 
mentioned : — 
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1 1^1 
P "" R - A 

Consequently, A is the focal distance of the auxiliary 
lens, of which the eye avails itself in accommoda- 
tion, and as the power of a lens is inversely propor- 
tional to its focal distance, t or 1 : A, expresses 

the range of accommodation. It is convenient to 
represent the value of A in Parisian inches, espe- 
cially as the focal distance of lenses is usually stated 
in the same, and this applies also more particularly 
to spectacles.''^ (Dohders, p. 30.) 

Let us illustrate Bonders' way of determining 
the range of accommodation by a few examples ; 
first explaining, however, the following expres- 
sions : — A means range of accommodation ; r, far 
point ; p, near point ; oo, infinite distance ; \ foot; 
", inch ; "^ line. 

1. Normal eyes, which can see fi:om an infinite 
distance up to 5'' from the anterior surface of the 
crystalline lens, have their far point (r) at an 
infinite distance (oo), their near point (p) at 5'\ 
In order to find the range of accommodation of 

such an eye, we apply the above formula, A = - — -. 

In our case r = oo, p z= 5'^ therefore A = r -^ — = -. 

5 00 6 

* The lenses in the boxes of Paetz and Flohr of Berlin are 
defined in Prussian inches, which are very nearly the same as 
the EngUsh inches, and less than the Parisian. 
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The range of accommodation as here represented 
by an auxiliary lens of 5 inches. 

2. Let US test the range of accommodation (A) 
of a short-sighted, or myopic eye. Let us suppose 
that its far point (r) lies at 8'' from the eye, its 
near point (p) at 4'', A therefore = ^ — |- = I-. 

3. A presbyopic, or far-sighted eye, having its 
far point (r) at an infinite distance (oo), and its 

near point (p) at 10'', has A = j^ - — = j^. 

I shall afterwards, when speaking of hyper- 
metropia, mention the best plan of examining 
the range of accommodation of a hypermetropic 
eye. 

The following is also a very good method for test- 
ing the range of accommodation, and for quickly dis- 
covering whether the eye is myopic, hypermetropic, 
or presbyopic : — 

A convex lens of 6'' or 10'' focus is placed 
before the eye.* With this lens the patient then 
reads No. 1 of Snellen, and his far and near point 
are noted. The far (r') and near point (p') thus 
foimd, stand in such relation to his real far (r) and 

* The lens must be strong in order that the patient may 
really command his far point, and that the latter may be 
approximated so much that the minimum of the angle of dis- 
tinction no longer exerts any influence, and amblyopia is 
therefore excluded. 
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near point (p), that the rays coming from r' are 
refracted by the lens as if they came from r, those 
from p' being also refracted as if they emanated 
from p. With convex 6, r' (in the normal eye) 
lies at 6'^ from the eye, for rays from an object at 
&^ distance falling on this lens would be rendered 
parallel by it, and would, consequently, impinge 
upon the eye as if they came from an infinite dis- 
tance (the normal far point). The near point (p^) 
would lie at about 2f '^ This varies however, with 
the age of the patient. 

The range of acconunodation is, therefore, easily 

found by the formula A = - — -. The lens and its 
•^ P r 

distance from the eye (about y) is omitted in the 
calculation. 

If (with convex 6) the far point (r^) lies at 6^', 

the near point (p^) at 3^', A = « — ^ = g. 

Let us illustrate this proceeding by the follow- 
ing examples : 

I. Myopic eye. We find that with convex 6 
r'= 5'^, p'= 3^^ The eye is consequently myopic, 
for it is not adjusted for the normal far point (6^^), 
but for a nearer one, the rays from which impinge 
in a divergent direction upon the eye : — 

^ - 3 5 - 7^- 
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Now, what glasses wiU this patient require for 
infinite distance ? By means of our strong convex 
lens we have changed this eye into a very myopic 
one, in fact, into a myopia of j, for we should have 
to place a concave glass of 5'^ focus before convex 
6 in order to enable it to see at a distance ; for 
this concave glass would render parallel rays so 
divergent as if they came from 5^^ distance. In 
order to find the proper concave glass for distance, 
we deduct concave 5 from convex 6. Hence the 
proper concave glass will be No. 30 for 

1 1 _ J_ 
6 ■" 5 30 

II. Hypermetropic eye. With convex 6, r'= 8, 
p'= 3^^ The eye is, therefore, hypermetropic, for 
its far point lies beyond the normal far point (6''). 

Its range of accommodation = 4f for 

^ - 3 "" 8 - 4f 

Although we can thus very quickly determine 
the fact that the eye is hypermetropic, and also 
its range of accommodation, we cannot find with 
exactitude the requisite convex glass for distance 
by the same calculation as in the myopic eye ; for, 
as we shall hereafter show, the amount of hyper- 
metropia before and after the paralysis of the 
ciUary muscle by atropine sometimes varies greatly. 
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We may test the range of accommodation by 
means of Von Graefe's wire optometer, but as this 
requires some exactitude and intelligence on the 
part of the patient, I find it generally more prac- 
tical (particularly with hospital patients) to try 
them with the test-types. If, whilst they are 
reading No. I, we move the type a few times, 
alternately nearer and farther from the eye, we 
can readily ascertain with exactitude the nearest 
and farthest point of distinct vision. 

This optometer consists of a small square steel 
frame, across which a number of very fine parallel, 
vertical wires are stretched. This frame is attached 
to a brass rod, upon which it is movable, the rod 
being graduated in inches and feet. One end of 
the rod is placed against the forehead of the person 
to be examined, and then the frame is moved to 
the nearest point at which the individual ^rires 
still look clearly and sharply defined ; the distance 
of this point from the eye is read off from the 
graduated scale, and put down as the near point. 
The frame is then removed to the greatest distance 
at which the individual wires stUl appear sharply 
defined, and this is noted as the far point; the 
distance between the latter and the near point is 
the territory or range of accommodation. 

The wires only appear sharply defined when 
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the eye accommodates itself perfectly for them, 
directly there is the slightest deviation in this 
(the frame being too near or too far from the eye), 
the wires seem indistinct, thicker, or as if sin:- 
roimded by a halo, or even coloured double images 
of them may appear in the transparent intervals. 
As a background to the frame, we may use a white 
wall, or the sky. It will be easily seen how much 
depends here upon the intelligence of the person 
examined, upon his appreciation of the distinctness 
of the wires, and the first appearance of their 
thickemng or doubhng. It is sometimes almost 
ludicrous to what a distance persons will maintain 
that the wires are still distinct and weU-defined, 
and, therefore, in examining children and the 
ignorant, it is better to make them read small 
print ; if they cannot read, we are, of coiu-se, obliged 
to make use either of the optometer, or of small 
dots or marks. 

We meet with several deviations from the 
normal accommodation (anomalies of accommoda- 
tion). Thus, for instance, the near point may be 
normal, but the far point approached nearer than an 
infinite distance to the eye ; this is often mistaken 
for myopia ; — or the far point may be normal, and 
the near poin£ receded abnormally from the eye ; or, 
again, both near and far point may have changed 
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their normal position, and have become approxi- 
mated to each other. 

We may also meet with a displacement of the 
territory of acconmiodation without any diminution 
in its range. If we fiurnish such eyes with glasses 
which will bring the territory of accommodation 
back to its normal distance from the eye, their 
vision will be quite perfect again. 
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CHAPTEK III. 

MYOPIA. 

Short-sighted persons generally ^pply ^ ^s 
with the complaint that, although they are able to 
distinguish the very finest objects near at hand, 
they cannot see well at a distance. This depends 
upon the fact that the refracting power of the eye 
is increased iu myopia, or that the antero-posterior 
axis of the eyeball is too long, so that parallel rays 
(emanating from objects at an infinite distance), 
or even not sufiiciently divergent rays, are brought 
to a focus before the retina ; circles of difl^ision 
are formed upon the latter, and in consequence of 
this, the distant object does not appear clear and 
sharply defined, but indistinct and blurred. Such 
patients notice, for instance, that the stars, the 
moon, or a gas-lamp id the streets, do not present 
a clear and well-defined outline, but appear irre- 
gular, enlarged, and as if surrounded by a halo. 
In order, therefore, to improve their vision for 
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distant objects, they often acquire the habit of 
nipping their eyelids together. The reason for 
which is two-fold : (1) by this means they narrow 
the opening between the eyelids, and thus cut off 
some of the peripheral rays of light, and conse- 
quently diminish the circles of diffusion upon the 
retina, which causes the object to gain in distinct- 
ness of outline ; (2) by nipping the eyelids toge- 
ther, a certain amount of pressure is exercised 
upon the eyeball, the cornea is rendered somewhat 
flatter, and the far point removed farther from the 
eye, and the latter, therefore, rendered less myopic. 

We- have already stated that in the short- 
sighted eye the principal focus of the dioptric 
system does not lie, as is the case in emmetropia, 
upon the bacillar layer of the retina, but in front 
of it. Hence, only such rays as come from a finite 
distance, and impinge in a sufficiently divergent 
direction upon the eye, are united upon the retina. 

Fig. 8 represents a myopic eye, in which, 
either on account of its being too long in the 

Fig. 8. 
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antero-posterior axis, or its possessing too high a 
power of refraction, parallel rays are brought to a 
focus not upon the retina (r), but in front of it (f) ; 
circles of diffusion (bb) are, consequently, formed 
upon the retina, and the object looks blurred and 
• indistinct. In order, therefore, to enable the myopic 
eye to see distant objects (the rays from which 
impinge upon it in a parallel direction), we place 
that concave lens before it, which will give the 
parallel rays such a degree of divergence that they 
are united upon the retina. 

Myopia is frequently congenital and often 
hereditary. We may sometimes trace its existence 
back through several generations, and may meet 
with it in several members of the same family. It 
may also show a tendency to increase in degree in 
each successive generation, but this will depend 
greatly upon individual circumstances. 

The most frequent cause of myopia is an 
abnormal increase in the length of the eyeball in 
its antero-posterior axis. This extension chiefly 
occm-s at the posterior portion of the globe, and 
may here produce a more or less considerable ovoid 
bulging (posterior staphyloma), which is accom- 
panied by thinning and atrophy of the choroid and 
sclerotic. This proJongation of the visual axis of 
course varies greatly in extent in different cases, 
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and thus gives rise to very varying degrees of short 
sight. In cases of considerable myopia, we find 
that this peculiar atrophy of the choroid (posterior 
staphyloma, sclerotico- choroiditis posterior) is 
almost always present. Von Graefe lays it down as 
a general rule that, when the far point lies nearer, 
than 5 inches fi:om the eye (the myopia exceeding 
3^), we may almost with certainty foretell the 
presence of sclerotico-choroiditis posterior. But 
we very frequently meet with it in much slighter 
degrees of myopia ; indeed, I have often seen it in 
cases where the myopia did not exceed ^^ or ^. 
But even if the eye is but slightly short-sighted, 
we may often observe a thinning and atrophy of 
the choroid around the optic nerve entrance, even 
although there may be no defined crescent. It is 
of consequence,, therefore, that all short-sighted 
persons should be examined with the ophthalmo- 
scope, in order that the presence and extent of the 
posterior staphyloma may be carefully and accu- 
rately noted, for it is always a more or less serious 
complication, more particularly if the affection is 
extensive and progressive. But even if the pre- 
sence of sclerotico-chol-oiditis posterior be not sus- 
pected, the opthalmoscopic examination should not 
be neglected, in order to ascertain whether the 
condition of the optic nerve and retina be normal 
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or whether they are hypersemic and congested, 
a condition which is frequently met with in short- 
sighted eyes that are overworked, and which 
demands careful treatment. 

There is no doubt that continued tension of 
the accommodation for near objects is the most 
frequent cause of myopia. This is the reason why 
this affection is so much more frequently met with 
amongst the higher and literary classes, amongst 
those who employ their eyes much in reading, 
writing, sewing, &c., than amongst the lower 
orders. 

The production and increase of myopia by con- 
tinuous use of the eyes at near objects, appears to 
find its explanation chiefly in the fact that the 
inner tunics of the eyeball become congested. 
The near approach of the object necessitates a 
strong convergence of the optic axes, which causes 
an accumulation of blood in, and congestion of, the 
inner tunics of the eyeball, these conditions being 
increased still more by the stooping position 
generally indulged in during such employment. 
We can easily understand that this congestion and 
this augmentation in the pressiu^e of the ocular 
fluids must, if long continued, necessarily lead to 
an extension of the tunics at the posterior pole, 
and thus give rise to poRterior staphyloma. 

E 
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Again, long-continued working at near objects 
may probably also produce myopia in the following 
manner : — Persons thus employed continually ac- 
commodate for a very near point, their crystal- 
line lens has, therefore, constantly to assume a 
more convex form, and after a time it may not be 
able quite to regain its original form, even when 
the necessity for adjusting itself for near objects 
no longer exists. This occurs particularly when 
the lens possesses but a slight degree of elasticity, 
for then, after it has been for some length of time 
accommodated for near objects, it gradually, like a 
bad watch-spring, loses the power of springing 
back to its original form ; it remains too convex, 
even when the pressure upon its periphery ceases. 
In consequence of this, the focal point of the 
dioptric system becomes shorter, and, when the 
eye is in a state of rest, lies in front of the retina, 
and the eye has thus become myopic. This form 
of acquired myopia is generally, however, only 
slight in degree. 

The seeds of short-sightedness are frequently 
sown in childhood, either through a premature 
over-exertion of the eyes at near objects, or through 
some affection of the refractive media (the cornea 
or lens). The cornea may, for instance, be 
clouded, and then the patient often brings the 
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object very close to the eye, in order to obtain 
larger and more distinct retinal images, and thus 
myopia may be soon induced. The same thing 
may occur when the lens is somewhat opaque ; 
thus it is well known that lamellar cataract fre- 
quently becomes compKcated with short sight. 

Some have asserted that in myopia the cornea 
is more convex, and that this is the cause of the 
short sightedness. This is, however, erroneous. 
Indeed, Bonders has found from his measurements. 
" that myopes have, on an average, a less convex 
cornea than emmetropes, and we may add, that in 
the most highly myopic persons the cornea is the 
flattest.^^^ But an increase in the curvature of 
the cornea may produce some degree of myopia, 
as is seen, for instance, in conical cornea; the 
curvature of the cornea is, however, so irregularly 
changed that but little benefit is generally derived 
from concave spherical, or even from concave 
cylindrical glasses. 

The diagnosis of myopia is generally a matter 
of no difficulty. The far point of distinct vision is- 
more or less approximated to the eye, in conse- 
quence of which distant objects cannot be clearly 
distinguished, and a suitable concave lens is 
required to render them distinctly perceptible. 
♦ Bonders* " Diseases of Refraction," p. 368. 

E 2 
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We m\ist be upon our guard, however, not at 
once to pronounce a person short-sighted because 
he holds small objects (such as small print) very- 
close to the eye, or because he cannot see well at 
a distance, for we shall hereafter point out that 
this may also occur in hypermetropia, in which 
case convex and not concave glasses are required 
to remedy this defect. 

Myopia might also he confoimded with weak 
sight (amblyopia), for we find that weak-sighted 
persons likewise approximate small objects very 
close to the eye, in order to obtain larger and more 
clearly-defined retinal images ; but they are unable 
to distinguish very small objects, and in this they 
differ from the short-sighted. Concave glasses, 
moreover, do not enable them to see further off, 
indeed they see worse through them, as they 
diminish the size of the retinal images too much. 
If we have no concave lenses at hand, the following 
will be found a ready method of distinguishing 
between weak sight and myopia : if a person has 
to hold small print very near the eye, he may be 
suffering either from short sight or fi:-om amblyopia 
(I purposely pass over the possibility of the pre- 
sence of hypermetropia). If it be a case of ambly- 
opia, and the patient can see No. 2 of Snellen's 
test-types at 5", he should be able to see print of 
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double this size at twice this distance, for the size 
of the retinal images increases in proportion to that 
of the print, and all that the weak-sighted require 
are large retinal images. In myopia, however, it 
is different, for although the short-sighted eye will 
be able to see large print fiirther off than small, 
the proportion between the distance and the size 
of the print is far less. 

We find that myopia and amblyopia often co- 
exist. Persons suffering from selerotico-choroiditis 
posterior are generally somewhat amblyopic. Again, 
I have already pointed out that affections which 
produce weakness of sight, such as opacities of the 
cornea and lens, often lead to myopia, by necessi- 
tating the close approximation of very small objects. 
We may easily distinguish simple myopia from 
myopia complicated with amblyopia, by the fact 
that the former can be completely corrected by 
suitable concave glasses. A person suffering from 
simple, imcomplicated myopia should, with the aid 
of the proper concave lens, be able to read the same 
•sized print as the normal eye at the same distance. 
Thus, No. XX of Snellen should be read at a dis- 
tance of 20 feet. If with the most carefully selected 
glasses, only No. XXX or No. XL can be read at 
this distance, the eye is not only myopic, but its 
acuteness of vision is also impaired, it is amblyopic. 
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The less the concave glasses correct, the greater is 
the degree of the co-existing amblyopia, and vice 
versd. 

Ophthalmoscopic diagnosis of Myopia, — We 
may also recognise the existence of myopia, and 
ascertain its approximative degree by means of the 
ophthalmoscope, and this will often be found very 
useful in practice, particularly when the patient's 
statements are not very trustworthy. We can 
diagnose the existence of myopia by the following 
appearances : — 

1. If we examine a highly myopic eye in the 
erect image (that is, merely with the mirror, with- 
out any convex lens before it), we are at once 
struck by the fact that we can see the details of 
the fimdus at some distance from the eye. If we 
regard one of the retinal vessels or the optic disc, 
and move our head slightly to one side, we notice 
that the image moves in the contrary direction ; if 
we move to the right, it moves to the left, and 
vice versd, so that we obtain a reverse image of the 
background of the eye. 

Fig. 9. 
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Fig. 9 will at once explain the reason of this. 
Let a be a very short-sighted eye (m = ^), and b 
the eye of the observer : a being in a state of rest, 
is adjusted for its far point (c), which lies 4'^ in 
front of the eye. The rays from the fundus, there- 
fore, pass out of the eye in a strongly convergent 
direction, and meet at c, and, crossing there, faU in 
a divergent direction upon the eye of the observer. 
If the latter be myopic (accommodated for diver- 
gent rays when his eye is in a state of rest), they 
will be united upon his retina (b) without the aid 
of any correcting lens behind the ophthalmoscope. 
But if his eye is emmetropic, he will, if adjusted 
for his far point, require a suitable convex lens 
behind the mirror, in order to render the divergent 
rays paralleL If he, however, accommodates him- 
self for a sufficiently near point, he will be able to 
imite the divergent rays upon his retina without 
any correcting lens. The reversed image of the 
eye represented in Fig. 9 (the myopia of which 
= ^) will be seen at a distance of about 7^^— 8'^, 
because as the rays from it cross at c, the upper 
ray, e, becomes the lower ray after they have 
crossed, and the lower ray, d, becomes the upper. 

II. In order to examine a myopic eye in the 
erect image it will be necessary to place a suitable 
concave lens behind the mirror, so as to obtain 
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a distinct image of the fundus ; the greater the 
myopia the stronger must this concave glass be, 
and the nearer must the observer approach to the 
eye. The strength of this correcting concave lens 
will also CAable us approximately to estimate the 
degree of the myopia. The field of vision will 
appear smaller, and the image nearer the eye of the 
observer than in the emmetropic eye. The image 
is also less bright in colour, and less illuminated, 
but apparently larger, for we cannot, as in the 
emmetropic eye (the size of the pupil being equal) 
overlook the whole expanse of the optic disc at a 
glance, but only a portion of it. 

Myopia may run an extremely variable course. 
In some cases tJie progress of the affection is 
marked and rapid, in others it is slow, insidious 
and hardly perceptible. In the most favourable 
cases it remarns stationary at the adult age. But 
we find that myopia is generally more or less 
progressive, particularly between the ages of 
15 — 25 ; it is also often markedly and perma- 
nently progressive in persons whose parents are 
very short-sighted, more especially if they are 
obliged to employ their eyes much at near objects, 
or to maintain a stooping position. When the 
short sight is but moderate in degree, and but 
slowly and temporarily progressive, the patient 
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may suffer but Kttle annoyance from it. Far 
different is it, however, when the myopia is con- 
siderable and rapidly progressive, for then it is 
almost always accompanied by symptoms of irri- 
tation and deep-seated inflammation in the eye. 
In such cases we find that the patients complain 
much of fixed or movable spots in the visual field, 
of bright stars or ^' balls of fire" before the eyes, 
particularly in the dark. The eyes also readily 
become red, hot, and watery during reading, sewing, 
&c., and this is accompanied by a feeling of weight 
and heaviness in the eyeball. We must, however, 
be upon our guard, not to confoimd these symptoms 
with those of muscular asthenopia, dependent upon 
weakness of the internal recti muscles. 

It is of great consequence in the prognosis and 
treatment of short-sightedness that its progress 
should be carefully watched, and that the degree 
of the myopia should from the first be accinrately 
ascertained and noted ; so that we may, hereafter, 
be able at once to determine whether the disease 
has remained stationary, or whether it has pro- 
gressed, and, in the latter case, note the extent 
and rate of such progress- 

The popular idea that myopia diminishes in 
old age is erroneous. This error is partly due to 
the fact that it was formerly thought possible to 
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determine the degree of myopia by the position 
of the near point, and not by the far point, as is 
now done. It will be evident at once, that if the 
myopia be but slight (say ^) the near point may, 
with advancing years, remove further from the 
eye, perhaps to 10'^ or 12^^, and the eye will thus 
have become presbyopic and the patient suppose 
that his myopia has decreased. The increasing 
diminution in the size of the pupil, which occurs 
in old age, also tends to improve the distant vision 
of the myopic eye, by diminishing the circles of 
diffusion upon the retina, and thus rendering the 
image more distinct and well defined. Again, the 
senile changes (sclerosis) which the lens undergoes 
with advancing years, may suffice in a very slightly 
myopic eye greatly to diminish the short sight, or 
even perhaps almost to neutralise it. 

There is nothing to be feared from a slight, 
stationary myopia. But it is very different indeed 
if the disease is progressive, for then it is always 
a source of danger to the eye Upon this im- 
portant point Bonders speaks with great decision 
and earnestness. He says,* "The same causes 
which give rise to myopia are still more favour- 
able to its fiuiiher development. I have always 
with great care watched the course of myopia. I 
attach to it a special importance. The well-known 
* Doiiders, p. 345. 
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fact that myopes, with little light, can recognise 
small objects, and especially the circumstance that, 
at an advanced period of life, they need no glasses 
to enable them to see near objects, procured almost 
general acceptance for the prejudice, that near- 
sighted eyes are to be considered as particularly 
strong. Many medical men even participate in 
this error. But the oculist has only too often 
been convinced by sad experience of the contrary. 
I have no hesitation in saying, that a near- 
sighted eye is not a sound eye. In it there exists 
more than a simple anomaly of refraction. The 
optical characteristic of myopia may consist in 
this, the anatomical is a prolongation of the visual 
axis, and the latter depends upon a morbid ex- 
tension of the membranes. If this extension has 
attained to a certain degree, the membranes are 
so attenuated, and the resistance is so diminished, 
that the extension cannot remain stationary, the 
less so, because in the myopic eye the pressure of 
the fluids is usually increased. In this progressive 
extension progressive myopia is included, which is 
a true disease of the eye. 

" From what has here been said, it will easily 
be imderstood that high degrees of myopia are 
less likely to remain stationary than slight degrees 
are ; at a more advanced time of life they even 
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continue to be developed, with increasing atrophy 
of the membranes. In youth, ahnost every myopia 
is progressive; the increase is then often com- 
bined with symptoms of irritation. This is the 
critical period for the myopic eye : if the myopia 
does not increase too much it may remain sta- 
tionary, and may even decrease in advanced age ; 
if it is developed in a high degree, it is subse- 
quently difficult to set bounds to it. At this 
period, therefore, the above-mentioned promoting 
causes should be especially avoided. On this point 
I cannot lay sufficient stress. Every progressive 
myopia is threatening with respect to the future. 
If it continues progressive, the eye will soon, with 
troublesome symptoms, become less available, and, 
not unfrequently, at the age of 50 or 60, if not 
much earlier, the power of vision is irrevocably 
lost, whether through separation of the retina from 
the choroid, from the effiision of blood, or from 
atrophy and degeneration of the yellow spot.^' 

It is of great consequence in myopia that the 
glasses should be selected with acciuucy and care, 
and that we should be guided in their choice by the 
individual peculiarities of each case. For if they 
are unsuitable, more particularly if they are too 
strong, they may prove most injurious to the eye. 
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In selecting spectacles* for short-sighted per- 
sons, we should, in the first place, determine with 
exactitude the degree of myopia, by ascertaining 
the position of the far point. We find, for instance, 
that the patient cannot see at a distance, being 
imable to decipher No. cc at a distance of 20^ 
We next ascertain the furthest distance up to 
which he can read, with ease and comfort. No. 1. 

Let us suppose that he is able to do so up to 
10'^ from the eye, his far point (r) consequently 
Kes at 10^', and his myopia = ^. With a con- 
cave lens of 10^' focus he would be able to trnite 
parallel rays upon the retina, as this glass would 
render parallel rays so divergent as if they came 
fi-om 10'^ in front of the eye. The position of the 
far point at the same time aflfords us a clue as to 
the number of the glass which the patient wiU re- 
quire for distant objects. In this case it would 
be about concave 10. But although, theoretically, 
a glass of 10 inches focus would be the proper one, 
we find that, practically, it would be somewhat too 
strong. The reason of this is to be sought in the 
convergence of the optic axes, which prevents the 

* Boxes of trial glasses, containing a complete set of 
convex and concave lenses, prisms, coloured glasses, &c., 
may be obtained of Mr. Pillischer, 88, New Bond-Street; 
who also keeps boxes of cylindrical lenses. 
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eye from accommodating itself for its far point, the 
latter being only attainable when we look at 
distant objects with parallel optic axes. We, 
therefore, find that the patient, in onr supposed 
case, would require about concave 12 for distance. 

We may easily determine whether or not the 
glass thus found accurately suits the patient's sight 
or not. In order to ascertain this, we try whether 
with this lens he can read No. XX distinctly at a 
distance of 20 feet. In the case before us the 
trial lens would be about concave 12. We find 
that with it he can read each letter of No. XX with 
fluency and ease. We next alternately place very 
weak concave and convex lenses before the spec- 
tacles, and try their effect. If slightly concave 
glasses improve the vision, the original glasses 
(No. 12) are too weak ; if, on the other hand, 
convex glasses improve it, they are too strong. 
If neither the one nor the other render any im- 
provement, the spectacles suit exactly. Let us 
illustrate this proceeding by the following simple 
examples : — 

A comes to us with a myopia = ro- ^^ S^^^ 
him concave glasses of 10^^ focus, and desire him 
to read No. XX at 20' distance. He can do so, 
although the letters are not quite distinct and 



MYOPIA. 63 

sharply defined. We then place No. 60 convex 
before the spectacles, an<i find that this renders 
the letters clearer ; convex 50 improves vision still 
more, with it he can see each individual letter 
most distinctly; but convex 40 renders it more 
indistinct. The original glass (concave 10) is con- 
sequently somewhat too strong, and, in order to 
suit the patient's sight exactly we must deduct 
50 firom it. The glass required is therefore 

=^ — 77: = TTTi. We then try concave 13, and 
10 50 12^ ^ ' 

now find that neither concave nor convex glasses 
render any improvement. He is, therefore, accu- 
rately suited. 

B also appears to be suffering from a myopia 
== ^-Q. He is tried in the same way as A with 
concave 10. In his case, however, we find that 
convex glasses render his vision more indistinct, 
but that concave glasses improve it — concave 50 
most of all ; we have, therefore, to add this number 
to the original glass (No. 10), which was too weak. 
The glass required will therefore be foimd thus, 

r^ -h rr = gT. We then try concave 9, and find 

that vision is not further improved by the addi- 
tion of any concave or convex glass. It is, 
therefore, the proper lens. It may be laid down 
as a rule that the weakest glass with which the 
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patient can see distinctly at a distance should be 
given. 

A short-sighted person may desire to have 
spectacles which enable him to see objects at a 
distance of about two feet (for instance, the music 
whilst he is playing the piano). Let us suppose 
that he requires concave 12 for distant objects. 
How are we to find the right number for objects 
at 2' distance ? Simply thus : If his myopia equals 
about -Y^y the number required for objects at 

24^' will be found thus : — T^ + 04 ~ "" 24* 
Hence a concave 24 will suit him for seeing at 
2' distance. 

In the same way we can find what glasses are 
required for reading at 1' distance in a myopia 

= -; _- + — — _— Concave 12 would be re- 

U lib 

quired for this purpose. We shall, however, find 
that the patient requires a somewhat weaker glass, 
because the convergence of the optic axes to a 
point 12'^ distant already necessitates an accommo- 
dation for a nearer point. 

As the amoimt of the range of accommodation 
(A) which the patient possesses very materially 
influences our choice of spectacles, and the question 
whether or not they are to be used for near objects, 
we must, in the next place, shortly consider how 



MYOPIA. 65 

the range of accommodation is to be tested in a 
myopic eye. We may do this in two ways : — 

1. We let the patient read No. 1 of the test- 
type, and, by alternately moving it nearer and 
further from the eye, we ascertain his near (p) and 
far (r) point. Let us suppose that p = 3^\ and 
r = &\ His range of acconunodation is foimd by 
the formula — 

11,. . Ill 
A = p - -, therefore A = 3 - ^ = ^ 

2. Bonders has lately, however, preferred the 
following plan : — He gives the patient those glasses 
which neutralise the myopia, and enable him to see 
distant objects distinctly (by means of which he 
can, therefore, unite parallel rays upon the retina). 
Let us again suppose that No. 10 (concave) is the 
weakest glass with which he can read No. XX 
quite distinctly and sharply at 20' distance. 
His far point wiU therefore, with concave 10, He 
at infinite distance (qo ). With the same glass we 
now try how near he can read No. 1 comfortably, 
and with ease ; let us suppose that this be at 5'', 

his A, therefore, = ^, for r = oo, p = 5, A = g — — = ^.. 

The great advantage of this method is, that 
the patient really accommodates for his far point, 
which is not the case in the former plan ; for 

F 
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owing to the amount of convergence at 6", the 
patient cannot relax his accommodation sujB&ciently 
to accommodate for his far point. 

In determining the degree of myopia, and in 
examining the range of accommodation, both eyes 
may be at first examined together, but they should 
then be always examined separately. For although 
we find that in the majority of cases that the 
myopia is nearly the same in degree in both eyes, 
we occasionally meet with a very marked difference. 
If there is a considerable difference in the degree 
of short sight in the two eyes, it might appear 
proper to fvimish each eye with the glass suitable 
to its own state of refraction, but practically we 
find that this does not answer, for the patients 
generally complain that such spectacles render 
their vision confused and indistinct, which is due 
to the difference in the size of the two retinal 
images. It is best, therefore, to furnish both eyes 
with the glass which suits the least myopic eye ; 
but in such cases the most short-sighted eye should 
also be firequently exercised separately, so that 
its sight may not suffer from exclusion. Some 
have advised that when the sight of the two eyes 
(differing considerably in the degree of their 
myopia) is equally good, the glass which lies 
midway between the two should be given for both 
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eyes. If, for instance, the one eye requires concave 
4 and the other concave 8, it would be advisable 
to prescribe concave 6 for both eyes. But such 
glasses prove unsuitable, for they suit neither eye, 
being too weak for the one and too strong for the 
other. 

Short-sighted persons often inquire whether 
they may wear spectacles for distant objects, or 
whether this would injure their sight and tend to 
a rapid increase of the myopia. Now, there cannot 
be any harm in permitting them suitable glasses 
for distance. By so doing we neutralise the 
myopia and change their eyes into emmetropic ones, 
and thus enable them to imite parallel rays upon 
the retina. We should, however, prescribe the 
weakest glass with which the patient can see 
clearly and distinctly at a distance, so that he may 
only require to make use of a minimum of his 
power of accommodation, and not have to strain it 
imduly when he is observing near objects. For we 
must remember that he will but seldom have to 
look for any length of time at a distance, but will 
alternately observe near and distant objects ; one 
moment looking at something on the opposite side 
of the street, the next into a shop window, or at 
some object near at hand. Now, if the glasses are 

F 2 
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too strong, lie is already obliged to use more than 
a minimum of his power of accommodation when 
he is observing distant objects, and will conse- 
quently have to make use of a still greater amoimt 
(perhaps almost the whole) when he is looking at 
things but a short distance from him. This would 
soon lead to an increase of his myopia. 

If the myopia is only moderate in degree, and 
if the range of accommodation is good, we may 
permit the use of glasses which entirely neutralise 
the myopia, such in fact as enable the patient to 
see as well at a distance as a normal eye, and 
render his eye emmetropic. If the patient is 
young, if the range of accommodation is good, and 
the degree of myopia moderate, such glasses should 
be worn not only for distance, but even for near 
objects, as in reading, writing, sewing, etc. Bon- 
ders has indeed found the myopia is, tinder such 
circumstances, remarkably little progressive, and 
he thinks that the use of glasses in myopia should 
be commenced early in Hfe. 

But when the degree of myopia is considerable 
(i ~ ¥)> ^^^ range of accommodation diminished, 
and the acuteness of vision impaired, it is not 
advisable completely to neutralise the myopia. 
We should then give the patient weaker glasses. 
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and permit him the use of a double eye-glass to 
hold before the spectacles when he desires to see a 
distant object very distinctly. 

If persons desire spectacles to enable them 
to see objects at a distance of 18^' — 24'', as 
for instance, the music in playing the piano, it is 
generally best to famish them with glasses that 
bring their far point to this distance, for if the 
myopia is at all considerable, and they use com- 
pletely neutralising glasses, these are sometimes 
found to diminish inconveniently the size of the 
music, and render it somewhat indistinct and diffi- 
cult to decipher. 

It is still a somewhat debated question whether 
myopic persons may be allowed the use of glasses 
in reading, writing, etc. Where the myopia is but 
slight in degree, so that the person is not obliged to 
approximate the work very closely to the eye, they 
may be dispensed witL But just in these cases 
we find that the myopia may be completely neu- 
tralised, and the glasses used with advantage for 
all purposes. Where the short sight is considerable, 
so that the far point lies very near the eye, and 
necessitates a close approximation of the object, it 
is advantageous to give glasses that will remove 
the far point to a distance of 14 — 16 inches, so as 
to prevent the necessity of stooping, more par^ 
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ticularly if the patient is tall and much engaged in 
writing. This habit of stoopiag gives rise to an 
increased flow of blood to the eye, and to an in- 
crease in the tension of the fluids within the eye. 
And this imdoubtedly greatly tends to promote the 
development of sclerotico-choroiditis posterior, effu- 
sions of blood, and detachment of the retiaa, which 
are so apt to occur in short-sighted persons. On 
this accoimt we should, therefore, always direct 
myopes to read with their head well thrown back, 
and to write at a sloping desk 

But the strong convergence of the optic axes, 
which takes place when the object has to be held 
close to the eye, is also a soinrce of great danger, 
for it is always accompanied by an increased ten- 
sion of the eyeball and of the accommodation. 
The latter is an associated action, not arising from 
the mechanism of the convergence, but existing 
within the eye itself, and may, consequently, easily 
give rise to an increase of the myopia. But besides 
this, the pressinre of the muscles upon the eyeball 
is greater when the optic axes are convergent than 
when they are parallel, and this increase of pres- 
sure must tend to give rise to the development of 
posterior staphyloma, and to hasten its progress. 
The increase in the tension of the eyebaU is par- 
ticularly marked when the internal recti muscles 
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are weak, and thus render the convergence of the 
optic axes more difficult. 

Now if we affi)rd such very short-sighted persons 
the use of glasses which enable them to read and 
write at a distance of 14 — 16 inches from the eye, 
we do away with the necessity of a considerable 
convergence of the optic axes, the stooping position, 
and the evils to which these give rise. 

But it may, on the other hand, be urged that 
it is just in looking at near objects that myopic 
persons have an advantage, as they can see them 
remarkably distinctly. The great danger is, more- 
over, that after reading for some time with spec- 
tacles, the patient on getting somewhat fatigued 
is apt, instead of laying the book aside, to approach 
it nearer to the eye in order to gain larger retinal 
images, and thus to strain and overtax his power 
of accommodation. If, for instance, we give a 
patient, whose far point Ues at 8'', a pair of spec- 
tacles which enable him to read at 12^' — 14^^, he 
will, if not very careful, after a short time, almost 
insensibly bring the book nearer to his eyes, and 
thus be forced to make use of a greater amount of 
his accommodative power. If he does this fre- 
quently, the myopia will soon increase in degree. 

Spectacles may also be used for near objects 
in those cases of myopia which are accompanied 
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by muscular asthenopia (depending upon an in- 
sufl&ciency or weakness of the internal recti 
muscles), which manifests itself as soon as the 
patient has worked at near objects for a short 
time. 

Whilst these forms of myopia may, with ad- 
vantage, be permitted the use of spectacles for 
near objects, they must be forbidden if the range 
of accoromodation is very limited, and if the 
patients suffer from such a degree of amblyopia 
(generally depending upon sclerotico-choroiditis 
posterior), that they are unable to read No. 2 or 3 
of Snellen's types. The glasses would diminish 
the size of the letters, and, in order to see them 
under a larger visual angle, the patient will bring 
the object very close to the eye, which will cause 
the accommodation to be greatly strained, the 
intra-ocular pressure to be increased, and serious 
mischief will but too surely ensue. Spectacles 
should not, therefore, be permitted for near objects 
when considerable amblyopia exists. 

If the myopia is very considerable, we find that 
generally only one eye is employed for near objects, 
and the convergence of the optic axes therefore 
excluded. Bonders says with reference to this 
point, '* This appears to me to be often a desirable 
condition : in strong myopia binocular vision loses 
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its value, and the tension which would be required 
for it cannot be otherwise than injurious. Now, 
in such cases, for reading no spectacles are given ; 
in the first place, because the acuteness of vision has 
usually somewhat decreased, and the diminution 
of concave glasses is now troublesome ; in the 
second place, because, with the retrocession of r, 
injurious efforts at convergence and at binocular 
vision might be excited. In any case the spec- 
tacles should be so weak as to avoid these results." 

Care should be taken that the spectacles fit / 
accurately, that the glasses are on the same level, j 
and that one is not higher than the other ; that ' 
they are suflSciently near the eyes, and that the ! 
centre of each glass is exactly opposite the centre ; 
of the pupiL The last point should be particularly ; 
observed in the selection of glasses which fit on to * 
the nose by means of a spring (pihces nez), for we ' 
find that on account of their oval shape they are 
not generally centred ; and if they do not fit pro- 
perly, so that their centre corresponds to the 
centre of the pupU, they act as prisms, and give 
rise to diplopia or to squinting, and the latter 
may even become permanent, if their use be per- 
sisted in. 

Concave glasses should be quite close to the eye, 



74 MYOPIA. 

otherwise they will diminish the size and distinct- 
ness of the retinal image. As the rays which 
impinge upon a concave glass are rendered diver- 
gent by it, it follows, that the further the glass is 
removed from the eye the fewer peripheral rays 
will enter the latter, in consequence of which the 
retinal image is diminished in size and intensity. 
The reverse obtains in the case of convex glasses, 
for as they render the rays which fall upon them 
more convergent, a greater number of peripheral 
rays will enter the fiu*ther (up to a certain point of 
course) the convex glass is removed from it, the 
retinal image becoming at the same time larger 
and more liuninous. 

Single eye-glasses should not be permitted, for 
whilst the one eye is habitually used, the vision of 
the other soon deteriorates, on account of its dis- 
use, and may become considerably amblyopia 
Besides this, as only one eye receives a clear and 
well-defined image of the object, the other is apt 
to follow its own muscular impulse, and deviate 
in the direction of its strongest muscle, and thus 
divergent squint frequently arises, as the internal 
recti muscles are often weakened in myopia. If a 
single eye-glass is employed, it should be alternately 
used for each eye, so as to keep both in activity. 
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It will be found, however, that spectacles aflPord a 
much more clear and well-defined image than a 
single glass. Objects appear to stand out in far 
more relief and with greater sharpness and defini- 
tion, and the sense of depth and distance is also 
more keenly appreciated. 



^ 
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CHAPTER IV. 

SCLEROTICO-CHOROIDITIS POSTERIOR. 

We have already stated that this aflfection is but 
seldom absent in the more considerable degrees of 
myopia, and that it must be regarded as a grave 
complication, which, if progressive, may lead to 
very serious consequences. It is of very frequent 
occurrence, indeed Von Graefe states that out of a 
thousand cases of amblyopia four hundred and 
twenty are due to it. How important it is, there- 
fore, that we should thoroughly understand the 
symptoms of the disease, and the proper course and 
treatment to be pursued from the outset; and 
that we should be aware of the dangerous com- 
plications which may ensue if it be carelessly or 
ignorantly treated, for we may then preserve many 
eyes in comparative usefulness and comfort which 
would otherwise be soon destroyed. Let us, there- 
fore, now consider the symptoms, diagnosis, prog- 
nosis, and treatment of this important disease. 
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Symptoms. — ^The eyeball often appears larger, 
more prominent, and of an ovoid shape ; the eye- 
lids are more widely apart, which is particularly 
noticeable when only one eye is affected. The shape 
of the eyeball is changed, it appears lengthened in 
its antero-posterior diameter, it is more oval, and 
the infimdibulimi, or hollow, which appears in the 
normal eye between the outer canthus and the 
globe (when the eye is much turned inwards), has 
disappeared, so that the posterior segment of the 
eyeball looks lengthened and square, showing often 
also a bluish tint. K the disease is considerable, 
the lateral movements of the eyes are often some- 
what curtailed. The patients complain frequently 
of a sensation of tension and fulness in the eye, 
as if , as they often express it, the latter was too 
large for the socket ; they also, at times, experience 
more or less circum-orbital and intra-ocular pain. 

We can, however, only diagnose the disease 
with certainty by means of the ophthalmoscope, 
for a considerable posterior elongation of the eye- 
ball (staphyloma posticimi) may exist without any 
appearance of sclerotico-choroiditis posterior. 

The ophthalmoscopic appearances are generally 
most marked and unmistakeable. The character- 
istic symptom is a brilliant white crescent at the 
edge of the optic nerve entrance, generally at the 



78 SCLEROTICO-CHOROIDITIS POSTERIOR. 

outer side (with the reverse image it will of 
course appear towards the nasal side of the patient). 
This crescent varies much in size, from a small 
white arc to a large zone, extending, perhaps, all 
round the optic perve, and embracing even the 
region of the macula lutea ; its greatest extent is 
always in the direction of the latter.* Its edges 
may be either sharply and distinctly defined, or 
may be irregular, and gradually lost in the sur- 
rounding healthy structures ; irregular patches of 
pigment are strewn about its margin, and also, 
perhaps, on its surface, so that little dark islets of 
varying size and form appear in its expanse. The 
crescent itself is of a brilliant white, so much so 
indeed, that the disc, by contrast, appears to be 
abnormally pink. On accoimt of the white back- 
ground, the small retinal vessels can be traced more 
distinctly, and their minute branches more easily 
followed over this patch than in the neighbouring 
fundus. This white crescent is due to a thinning 

* We must, however, be careful not to call every little 
white rim at the edge of the entrance sclerotico-choroiditis 
posterior, for this may be caused simply by the choroid reced- 
ing somewhat from the entrance, and permitting the light to 
fall at this spot through the retina upon the denuded sclerotic, 
and thus affording the appearance of a white, glistening rim. 
But this arc is very narrow, and there are no appearances of 
atrophy of the choroid, irregular patches of pigment, &c., at 
its edges. 
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or atrophy of the stroma of the choroid (indeed, 
the latter has occasionally been found quite wanting 
in this situation) ; the pigment cells are not ne- 
cessarily destroyed, but there is an absence of the 
pigment*molecules, for those irregular black patches 
mentioned above, are pathological agglomerations 
of pigment. On ax3C0unt of the loss of pigment, 
and the atrophy or thinning of the stroma of the 
choroid, the glistening sclerotic shines through the 
latter, and lends the brilliant white appearance to 
the figure. Another effect of this want of pigment 
is the glaring which the patient experiences in a 
bright light. The amblyopia which almost always 
exists in this disease is also, undoubtedly, partly 
due to this fact, for we find that such patients are 
remarkably benefited by blue spectacles. Much 
of the amblyopia is, however, most likely owing to 
the distinrbance in the intra-ocular circulation, pro- 
duced by the state of chronic congestion of the 
venous system of the eye, for we find that vision 
is generally greatly improved by depletion, and 
more especially by artificial leeches. 

The retina does not generally suffer from this 
loss of pigment in the choroid, except that a slight 
diminution in the distinctness of perception is 
produced. The "blind spot'' (answering to the 
optic entrance) is somewhat enlarged, but this 
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increase does not correspond at all to the size of 
the crescent, and vision is only impaired, not 
destroyed, in this extra portion of the blind spot. 
But there may arise a state of general irritation of 
the retina which may produce considerable ambly- 
opia and disturbance of vision, together with pho- 
topsia and a feeling of pain and tension within the 
eye on the slightest exertion in reading, &c. 

The disease may remain stationary or progress. 
If the former is the case, the myopia does not in- 
crease, the circmn-orbital and intra-ocular pains 
diminish or cease, and with the ophthahnoscope 
we find that there is no increase in the size of the 
crescent, and that, perhaps, a regular deposit of 
pigment again takes place. 

Far different is it if the disease progresses, 
which is generally the case when the atrophy 
is at all advanced. The myopia is then found to 
increase more or less rapidly, vision becomes 
dimmed or greatly impaired, the patients are often 
continually haimted by " blacks ^^ floating before 
their eyes, which may assimie all kinds of fantastic 
shapes, and are due to opacities in the vitreous 
humour. At other times, they are greatly dis- 
turbed by showers of bright stars and flashes of 
light, which are due to a state of irritation of the 
optic nerve and retina, and they become more and 
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more dazzled by the light on account of the 
increased atrophy of the choroid and loss of the 
pigment. But the progress of the affection is 
best watched with the ophthalmoscope. The 
edges of the crescent show symptoms of hyper- 
semia and irritation, and they become irregular 
and Ul-defined. Small white patches show them- 
selves around it (symptomatic of the progressive 
atrophy of the choroid), and these, gradually in- 
creasiag in size, coalesce with each other and with 
the original crescent, so that the latter may in 
time extend completely round the entrance, which 
thus becomes embedded in a more or less broad, 
white, glistening ring, which extends chiefly in 
the direction of the yellow spot. In such cases a 
superficial observer might suppose that the optic 
entrance was greatly enlarged, or even that the 
optic nerve (fi:om the white appearance) was atro- 
phied. On closer examination, however, the distinc- 
tion between the entrance and the white zone is 
easy, for the disc of the optic nerve looks abnor- 
mally pink, on account of the contrast with the 
bright white of the surrounding ring, and its 
vessels are more easily traceable over the latter 
than in the disc. 

A similar process may also occur in the region 
of the macula lutea. Little white patches appear, 

a 
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which increase in size, and coalesce, giving the 
whole an appearance of alternate white and dark 
reticulated spaces, the white spots being due 
to the sclerotic shining through the atrophied 
stroma and pigment layer of the choroid. Von 
Graefe thinks that the retina may in this situation 
participate more rapidly in the disease than other- 
wise, on account of its being thinner at this spot. 
If the atrophy of the choroid in the region of the 
macula lutea, and that aroimd the optic entrance, 
progress, the two separate processes may gradu- 
ally extend towards each other (leaving less and 
less healthy structure between them), untU they 
finally pass into each other and form one large 
white figure. 

The occurrence of the disease at the macula 
lutea generally causes great impairment of vision, 
and the patients then also complain of the con- 
stant appearance of one or more central fixed blind 
spots (scotomata). It should be remarked, that 
they may be apparent to the patient long before 
we are able to detect with the ophthalmoscope any 
corresponding changes in the region of the yellow 
spot. 

Von Graefe has noticed the important fact, 
that the amaurosis in sclerotico-choroiditis pos- 
terior may be due to excavation of the optic nerve 
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through increased intra-ocular pressure. Glaucoma 
has then supervened upon the original disease. 

* " The eye then presents the following symp- 
toms : it is abnormally hard, the sclerotic vessels 
perhaps somewhat injected, the anterior chamber 
of normal size, the pupil wide. On ophthalmos- 
copic examination, the optic nerve shows symp- 
toms of excavation. The edge of the optic disc, 
contiguous to the arc, which was before indistinct, 
so that it was perhaps difficult to determine where 
the margin of the optic disc really began, now 
again becomes sharply defined. But there is no 
considerable change in the position of the vessels, 
they are only somewhat displaced and curved at 
the edge of the excavation, but the latter extends 
quite up to the margin of the nerve, which distin- 
guishes it fi:om the physiological cup, this being 
confined to the centre of the disc. Von Graefe at 
first met with this glaucomatous condition, super- 
vening upon sclerotico-choroiditis, only in elderly 
persons, who were suffering fi:om very considerable 
myopia, which had increased rapidly during their 
youth, but had afterwards remained nearly sta- 
tionary. In elderly persons, this complication 

* Vide the author's work "Glaucoma and its Cure by 
Iridectomy," p. 40. 
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may be due to the fact that when the sclerotic 
becomes thickened with advancing years, it loses 
some of its elasticity, and cannot, as heretofore, 
yield to the increased intra-ocnlar pressure and 
bulge backwards (at* the posterior staphyloma), 
and therefore the optic nerve entrance, which is the 
next least resisting part, will yield before the 
pressure and become excavated. In old persons 
the excavation is not generally of a deep form. He 
has lately, however, seen some cases of glaucoma 
following sclerotico-choroiditis posterior in yoimg 
individuals ; in all these, the eyes appeared very 
prominent, the myopia varying from I- to ^, the 
symptoms of increased tension were slight, and 
less than in the cases observed in older indi- 
viduals, in two there was, indeed, no perceptible 
increase of tension. The excavation was deep and 
abrupt. Both eyes were generally simultaneously 
attacked. 

" Iridectomy proves also most beneficial in these 
cases, saving the sight of eyes which would other- 
wise have become completely blind. But the 
operation must be performed very early, as no 
other remedy wiU stay the progress of the aflfec- 
tion. Great care must, however, be taken that 
the aqueous himiour flows ofi* very slowly indeed. 
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as there is in these cases (on account of the 
primary disease) great tendency to intra-ocular 
haemorrhage, detachment of the retina, etc/' 

Complications. — Vitreous opacities. — The 
vitreous humour ahnost always undergoes some 
changes in sclerotico-choroiditis posterior; indeed, 
Von Graefe thinks that two-thirds of the affections 
of the vitreous are due to this disease. Although 
it generally becomes fluid only at its posterior 
portion close to the retina, the synchysis may, 
though rarely, extend to the whole of the 
vitreous humour. 

Short-sighted persons are especially troubled 
with motes, for even the physiological ones are 
rendered peculiarly marked and distinct by the 
circles of diffiision. They are, therefore, often a 
source of the greatest anxiety to the patient. 
Already in fear lest his myopia should rapidly 
increase, and eventually lead to great impairment 
of vision or even to total blindness ; the appearance 
of these muscse volitantes often Mghtens him 
greatly, and causes him to yield undivided atten- 
tion to his eyesight and to watch every symptom 
with anxiety. This is more particularly the case 
amongst those who are dependent upon their sight 
for a livelihood, or are naturally of a nervous and 
anxious temperament. Even although we may 
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earnestly assure them that these motes (if they are 
only the common microscopical bodies in the 
vitreous humour) are of no importance, and are a 
source of no danger, but are of a kind met with in 
all, even perfectly healthy, eyes, we generally fail to 
alleviate their mental distress. They seek advice 
from others, who, in their opinion, are more com- 
petent and more willing and able to understand 
the nature of their complaint. Amongst such the 
charlatan finds his most fervid and profitable 
followers. 

We may distinguish various forms of muscse 
volitantes*. Some depend upon mucus, tears, 
globules of fat, &c., moving over the surface of the 
cornea. Others are due to small bodies in the 
vitreous humour. These latter may be merely 
minute microscopical floating bodies, giving rise to 
very various shaped motes. Some assume the 
appearance of small, transparent, discs or circles 
which may be isolated or arranged in groups ; 
others of strings of pearls or beads, or of fila- 
mentous bands. Such muscse are generally per- 
fectly physiological and occur in aU eyes. They 
are so minute that they are quite invisible with 
the ophthalmoscope. But when the latter reveals 

* For a most interesting and valuable account of muscee 
volitantes, vide Jago's " Entoptics." 
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to US opacities, however slight, in the vitreous 
humour, we must regard these as pathological 
products, which &xe chiefly due to eflftision of blood 
or inflammatory exudation. 

The presence of opacities in the vitreous humour 
may be best ascertained by examining the eye in 
the direct method. The patient should be directed 
repeatedly to move his eye in various directions, 
which will cause the moveable opacities to float 
about, and will enable us to judge of their size and 
munber, and to distinguish between them and 
those that are fixed. 

We should always regard opacities in the vitre- 
ous hiunour with anxiety if they are numerous or 
very diffuse, and if the myopia is progressive. The 
opacities may be of various kinds. The patient 
perhaps at first only notices a dark speck, which 
he cannot wipe away ; afterwards thin flaky mem- 
branes may appear, which float about before the 
eye, assuming different forms and positions with 
its every movement. These opacities generally 
throw a shadow upon the retina, the more so in 
proportion to their proximity to the latter ; if they 
lie further oflf they may not throw individual 
shadows, but only cause a general dimness of vision. 
With the ophthalmoscope we can. readily distin- 
guish them as dark, fixed, or floating bodies of 
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various size and shape. Sometimes, however, they 
are so delicate and fine that we cannot individualize 
them, the whole fundus only appearing more or 
less hazy and indistinct. 

A more dangerous form of opacity is that in 
which the vitreous becomes suddenly and diffusely 
clouded, so that we cannot thoroughly illiuninate 
any portion of the retina with the ophthalmoscope ; 
ihe whole looks clouded and indistinct. These 
sudden attacks of haziness may recur several times; 
and then, when the dimness at length disappears, 
and we can again examine the fundus with the 
ophthalmoscope, we but too often find that the 
retina has become detached. 

Pigmentation of the retina. — ^As the sclerotico- 
choroiditis posterior progresses the retina may 
become infiltrated with pigment firom the choroid, 
and thus a considerable impairment of vision may 
result. 

Detachment of the retina. — This is but a too 
firequent complication ; indeed it occurs more often 
in myopic eyes, particularly those affected with 
schlerotico-choroiditis posterior, than in any others. 
The extent and the degree of detachment may 
vary very considerably. In some cases it is only 
very slightly detached from the choroid, and would 
easily escape the notice of any but a skilled and 
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close observer. In others it is apparent at a 
glance, a considerable portion being detached and 
floating loosely about like a bluish gray bag. 

It chiefly arises in two ways. 

1. On accoTint of the retina not following the 
traction of the choroid and sclerotic (which bulge 
posteriorly), a serous, or haemorrhagic efiusion may 
occur between the retina and choroid, and the 
former be partially or entirely detached. The 
detachment generally occurs at the lower portion 
of the retina^ owing to the gravitation of the fluid ; 
it may, however, be at first slightly detached at 
the upper or any other part ; but in the course of 
a few days or weeks we invariably find that the 
detachment has extended to the lower portion. 
Our attention should be particularly directed to 
this complication, if we find that the upper or lower 
half of the field of vision has become indistinct, or 
if the patient complains of a cloud, like the " peak 
of a cap '' hanging before his eyes, and if he sees 
objects broken or notched. 

The effiision may, however, burst through the 
retina into the vitreous without detaching the 
former. 

2: Heinrich Mliller has pointed out* that 
detachment of the retina may not only occur 
• Von Graefe's Archiv. iv, i, 372. 
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through the pressure of fluid from behind, but 
also through traction from before. The latter is 
thus produced : — ^when the exudations in the 
vitreous hiunour shrivel up and contract, they, 
being also attached to the retina, draw the latter 
forward and detach it from the choroid. 

Opacity at the posterior pole of the lens some- 
times occurs in the later stages of sclerotico-cho- 
roiditis posterior : this opacity, as it is situated 
generally very close to the " turning-point'' of the 
eye, retains its position in whichever direction the 
eye is moved. Cataracta accreta and atrophy of 
the globe may close the scene. 

Causes. — The origin of the affection is stUl a 
matter of ^ controversy. Without doubt, there 
generally exists a congenital (and often hereditary) 
tendency to elongation of the eyeball in the optic 
axis ; and this must necessarily cause a stretching 
of the choroid in this direction, which is generally 
soon followed by consecutive atrophy of this mem- 
brane. The development of this prolongation of 
the visual axis is greatly favoured by the strong 
convergence of the optic axes, and the state of 
congestion of the eye which is produced during 
accommodation for near objects, more particularly 
if these are small and insufficiently illiuninated. 
For during such accommodation a certain pressure 
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upon the eye always occurs, accompanied by in- 
creased intra-ocular pressTu:e, the venous circulation 
within the eye becomes retarded, and a more or 
less considerable state of mechanical congestion is 
produced. Instances of such intra-ocular conges- 
tion are furnished by cases of amblyopia due to 
opacities of the cornea or lens, in which the 
myopia is caused by the patients bringing small 
objects very near to the eye in order to gain larger 
retinal images. A similar thing may occur if the 
patient, whilst using spectacles for reading, gradu- 
ally approaches the book too near to his eyes. We 
occasionally find that vitreous opacities, and even 
detachment of the retina, occur in such cases soon 
after continued reading or working with spectacles. 

This state of congestion and increased pressure 
of the intra-ocular fluids leads to softening and 
extension of the tunics of the eyeball. As the 
eyebaU receives no support at the posterior pole 
from the muscles, the prolongation occxub chiefly 
at this part; the choroid is stretched and generally 
undergoes consecutive atrophy. 

This secondary atrophy of the choroid, which 
gives rise to the crescentic white patch at the 
margin of the optic disc, ha^ been considered by 
Von Graefe to be most likely due to a chronic 
inflammatory process of the sclerotic and choroid. 
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arid he has, therefore, designated it sclerotico* 
choroiditis posterior. Others again, have thought 
that it depends upon a circumscribed staphyloma- 
tous bulging of the sclerotic at this part, and 
hence they have termed it staphyloma posticiun. 
But against both these opinions exception might 
be taken. 

We find that this choroidal atrophy often 
exists without any posterior staphyloma. Indeed 
Schweigger states that a real staphyloma posti- 
cum, i.e., a more or less sharply defined local 
ectasia of the waUs of the eyebaU does not take 
place in the majority of cases of myopia. The 
presence of a posterior staphyloma may be diag- 
nosed by means of the ophthalmoscope, particularly 
with the binocular, for we then see that the white, 
shining portion of the sclerotic exposed through 
the thinning of the choroid is not of normal cur- 
vature, but is peculiarly cupped backwards, giving 
rise at this part to a slanting position of the optic 
disc. Schweigger moreover thinks that the acute- 
ness of vision is diminished to an unusual degree 
in cases of myopia in which posterior staphyloma 
existed beside the optic nerve. This is the more 
likely to happen as he has observed that in cases 
in which the existence of a posterior staphyloma 
was proved anatomically, the retina in the expanse 
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of the bulging portion was generally found to be 
more or less changed in structure, and even atro- 
phied and adherent to the remains of the choroid 
and sclerotic. 

In opposition to Von Graefe's view, it has been 
urged that all symptoms of irritation and inflam- 
mation are frequently completely absent, at least 
at the commencement of the aflfection, and that the 
latter may even attain a considerable degree with- 
out their presence. But there is no doubt that 
such symptoms are almost always developed when 
the disease becomes considerable, and the myopia 
is high in degree. In the slightest forms they 
may be easily overlooked, but even in moderate 
degrees of myopia, and in youthful individuals, we 
not unfrequently observe symptoms of irritation, 
such as hyperaemia of the optic nerve, retina, and 
choroid, and it appears probable that a state of 
irritation, if not of inflammation, exists prior to 
the atrophy. Bonders thinks, ** that almost with- 
out exception, the predisposition to the develop- 
ment of staphyloma posticum exists at birth ; that 
it is developed with symptoms of irritation, which, 
in a moderate degree, do not attain any great 
clinical importance ; but that in the higher degrees 
an inflammatory state almost always occurs, at least 
at a somewhat more advanced time of life, as a 
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result, and as a co-operative cause of the develop- 
ment of the distension and of the atrophy/^* 

It has also been urged, that either no inflam- 
matory products, or only verj- few, are to be met 
with after death. 

Von Graefe freely admits that exception may 
be taken to his idea, that the disease is due to a 
chronic inflammation, for he says, — *' In opposition 
to this view it might certainly be objected that in 
reality inflammatory products are wanting in both 
tunics (sclerotic and choroid), but the considerable 
hypersemia of the choroid itself, the changes in its 
pigment, the obliteration of the ciliary vessels, and 
the atrophy in the posterior portion of the tunic, 
the deranged nutrition of the vitreous humour, the 
frequent combination with haemorrhagic processes, 
and, finally, the beneficial action of antiphlogistics, 
aU these furnish reasons why the afiection should not 
be regarded only as the result of a simple passive 
distension, but as a chronic state of inflammation. ^'f 

Some observers, however, think that the cre- 
scent is the result of a congenital condition, and 
that the atrophy may increase with the growth 
of the eyeball, and subsequently often remain 
stationary. 

* " Anomalies of Refraction and Accommodation," p. 384. 
•f Von Graefe's Archiv. i, i, 399. 
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There is no doubt that a crescent may exist for 
years without any increase in size, or without any 
choroidal changes in its vicinity ; its margin may be 
distinctly and sharply defined, and yet this may 
gradually become irregular and break down until 
the crescent becomes larger and larger ; and the 
disease in this case evidently extends from the 
periphery in a centrifugal direction. Such being 
the case, I do not think that it is correct to call a 
well-defined, sharply circimiscribed crescent con- 
genital and non-inflammatory^ and maintain that 
any increase in size which may hereafter occur is 
never due to an enlargement of the crescent itself, 
but to inflammxitory changes in the choroid, either 
in the close vicinity of the crescent, or in the region 
of the yellow spot, and that through the gradual 
extension and amalgamation of these independent 
processes, which finally coalesce with the original 
crescent, it may become impossible to distinguish 
the latter fi:om the secondary inflammatory changes 
in the choroid. Now, as the changes resulting 
from this secondary inflammatory process, often 
produce appearances so exactly similar to those of 
the original crescent that even the best observers 
cannot distinguish where the one ends and the 
other commences, or, indeed, see any difference 
between them, why may we not assume that the 
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crescent is also of inflammatory origin ? Do we 
not often see that those changes, which are con- 
ceded to be inflammatory when occurring at the 
yellow spot and in the vicinity of the crescent, 
frequently commence at the well-defined margin 
of the latter, rendering it irregular, and gradually 
increasing its size ? Some go so far as to diagnose 
a crescent to be congenital and non-inflammatory 
(in a patient of advanced years whom they have 
never seen before), chiefly because its edges are 
regular and well-defined. I do not of course deny 
that crescents are sometimes congenital, but does 
this fact even prove that they are non-inflam- 
matory 1 At aU events, I think it is far better 
for the patient that we should err on the safe side, 
and consider the myopic eye as more or less 
diseased, and that we should look upon even a 
slight and regularly defined crescent as an unto- 
ward complication, which may prove dangerous if 
the eye be not carefully watched, and its increase 
guarded against by care and moderation in read- 
ing, writing, &c., and by abstaining as much as 
possible from aU pursuits that tend to produce 
congestion of the eye. 

Until these differences of opinion have been 
definitely settled, I think it best to retain the 
name of sclerotico-choroiditis posterior for this 
disease. 
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Prognosis. — This shoiild be always very 
guarded when the disease is at all advanced, when 
the myopia is progressive, and when the opacities 
in the vitreous humour are considerable. It 
becomes still more questionable if the vitreous 
opacities are diffuse or large and numerous, if the 
upper or lower portion of the visual field becomes 
clouded, which is premonitory or symptomatic of 
detachment of the retina ; and, lastly, if the 
choroidal changes make their appearance in the 
region of the yellow spot. They show themselves 
in the form of small isolated whitish spots, around 
the edges of which there are little acciunulations 
of pigment ; these small whitish spots increase in 
size, coalesce, and then the atrophy of the choroid 
becomes very apparent. During this process the 
retina is more or less irritated, and this produces 
dimness of vision, which however disappears again 
when the retinal irritation subsides. These atro- 
phic changes in the region of the yellow spot, give 
rise to fixed black spots, which, if considerable, 
may render working at small objects completely 
impossible. These changes in the yellow spot 
generally commence first in one eye, and may for a 
time be confined to it, but they almost always 
extend, sooner or later, also to the other eye. The 
amblyopia dependent upon general irritation of 

H 
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the retina, which has abeady been mentioned 
(p. 80), is often greatly relieved by careful treat- 
ment, and by strictly guarding the eye against 
everything that may give rise to, or increase such 
irritation. 

The prognosis to be made in detachment of the 
retina, must depend upon its situation and extent. 
If it is far removed from the yellow spot, and only 
slight in degree, it may remain stationary for a 
length of time, and vision be but slightly impaired. 
I can recall to memory one case of extreme myopia 
in which slight separation occurred about three 
years ago, since which time it has remained nearly 
completely stationary, and the patient can still 
read No. 2 of Jaeger. But if the detachment 
occurs in the region or vicinity of the yellow spot, 
or if it be very extensive, and progressing, we must 
expect a very rapid deterioration of vision. 

Treatment — Patients suffering from sclerotico- 
choroiditis posterior should be particularly warned 
against working for any length of time at near 
objects, or with their head bent forward, for venous 
congestion within the eye is thus easily produced. 
It is also very injurious to read in a recumbent 
position. The best posture for reading is, to sit 
with the head well thrown back, and to have the 
light falling on the book from behind, so that the 
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page may be well illuminated, but the eye not 
exposed to the direct glare of the light. In 
writing it is advantageous to use a sloping desk, 
so that the person need not stoop. If such patients 
are permitted the use of spectacles for reading 
and writing, we must particularly point out the 
danger of bringing the object too near when the 
eye becomes somewhat fatigued, as this will cause 
a strain of the accommodation. The work or book 
should then be laid aside until the eyes have been 
thoroughly rested. In extreme cases we should 
strictly forbid all work at near objects, either with 
or without spectacles. 

The showers of bright stars and flashes of light 
are most relieved by flying blisters behind the 
ears. They may be applied at the interval of six 
or eight days. For this purpose blistering tissue 
is the most convenient application. 

The " dazzling,'' of which many of these pa- 
tients complain when in a bright sunlight or at the 
sea-side, may be effectually alleviated by cobalt 
blue spectacles. It was formerly supposed that the 
red rays of the spectrum were the most annoying 
and trying to the eye, and consequently green 
glasses (which exclude the red rays) were much in 
vogue. Now, however, it is a well known fact 
that it is not the red but the orange rays which 

H 2 
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are irritating to the retina ; and as blue excludes 
the orange rays, this is the proper colour for such 
spectacles. Another explanation of the benefit of 
blue glasses in such cases is, that the blue colour, 
makes a less impression upon the retiua, on accoimt 
of its more excentric position in the sun spec- 
trum. London smoke-glasses are now much worn 
and highly recommended in England. They are 
undoubtedly very serviceable in those cases in 
which we desire to subdue and diminish, more or 
less, the whole volume of light and colour, as they 
produce about the same effect as if we place the 
patient in a somewhat darkened room. But this 
is not generally necessary in sclerotico-choroiditis 
posterior, or even in fact desirable, for we only want 
to cut off the irritating orange rays, which appear 
to contribute but very little, if indeed at all, to 
our power of distinction, for we can read just as 
far with blue spectacles as with the naked eye, 
which is by no means the case with smoke-glasses. 
The tint of the blue spectacles should not be too 
dark. 

In very windy or dusty weather the patient 
should be directed to wear curved blue eye-protec- 
tors. These are curved in such a manner that they 
fit closely everywhere except at the temporal side, 
where they permit a sufficient amount of air to 
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enter and to come in contact with the eye, to 
keep up the absorption of the conjunctival mois- 
ture. They are greatly to be preferred to the 
goggles with wire or silk sides, which keep the 
eye far too hot and close. These may be indicated 
if the patient is exposed to the atmosphere very 
soon after a severe operation, when the eye is still 
inflamed and very susceptible to cold, but for all 
other purposes the curved glasses are to be pre- 
ferred. 

If the parenchymatous changes in the choroid 
are at aU considerable, we should always subject 
the patient to a prolonged course of small doses of 
bichloride of mercury (2^0 — 2^ ^f ^ grain twice or 
thrice a day). In this, as in aU the inflammatory 
changes in the choroid, its beneficial effects are 
generally very marked. Iodide of potassium is 
indicated if there is any syphiHtic or scroftdous 
taint. As the patients frequently suffer from 
biliary and venous congestions, their general 
health must be particularly attended to, for we 
generally find in this disease that the state of the 
eyes is much affected by that of the general health. 
Derivatives acting on the skin and kidneys, hot 
stimtdating foot-baths at night, &c., often also 
prove very beneficial. 

If the eye is very irritable, if the external 
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tunics of the eyeball are injected, if the optic disc 
appears reddened and hyperaemic, and if the 
patient experiences pain in and around the eye, 
together with a feeling of weight and heaviness in 
the eyeball as if he can hardly keep his eyehds 
open, we must insist upon a complete rest of the 
eyes, complete cessation for some length of time 
from all working at near objects. We must be 
extremely stringent in the enforcement of such 
directions, as the patients are too apt to resume 
work as soon as their eyes feel a little better, and 
then at once call up again all the symptoms of 
irritation and congestion, which may cause a rapid 
increase of the myopia and of any existing scle- 
rotico-choroiditis posterior. Such cases are also 
much benefited by the use of stimulating lotions 
to the closed eye and its vicinity, by the eye- 
douche and by the application of artificial leeches. 
The best and cheapest form of eye-douche is 
the one commonly used abroad. This consists of 
a piece of india-rubber tubing about 4^ feet in 
length carrying a rose at one end, and at the other 
a curved piece of metallic pipe, which is to be sus- 
pended in a jug of water placed on a high shelf. 
The fine jet of water thrown up through the rose 
will be about from 12 to 15 inches in height, and 
the force with which it plays upon the eye may be 
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regulated by approximating or removing this from 
the rose. This form of eye-douche is to be pre- 
ferred to that which is applied by means of a cup 
to the eye itself, as the jet is in this case far too 
powerful and often increases instead of allaying, 
the irritation. It is to be employed night and 
morning, or if the eyes feel hot, oftener, for two or 
three minutes at a time. The eyelids are to be 
closed and the stream is to play gently upon them. 
The water should not be too cold. 

But of all remedies, I have found the most 
benefit from the application of artificial leeches 
(Hoeinrteloup's) to the temples."*^ I have often 
been able to relieve the irritation of the eye, and 
the peculiar feeling of heaviness and aching in the 
eyeball by their use, when leeches and other forms 
of treatment had proved of no avail. In order to 
act upon the intra-ocular circulation, it is necessary 
that the depletion should be rapid, for we find in 
chronic inflammations of the inner tunics of the 
eye depletion by leeches to be perfectly useless, 
whereas the effect of the artificial leech is very con- 
siderable. The instrument should be applied to 
the temple, and a tolerably deep incision made, so 

* This instrument, as well as the best form of eye-douche, 
with instructions for their use, may be obtained of Mr. Pillisher, 
optician, 88, New Bond-street. 
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that the blood may flow freely and rapidly, without 
the necessity of any excessive " suction.^' One or 
two cylinders full (about one or two ounces) are to 
be abstracted, according to the requirements of 
the case. The screw should not be turned too 
quickly, as this often produces excessive pain. 
With a little practice the operation may be gently, 
yet effectually performed without any suffering. 
Hot fomentations shotdd be applied afterwards, so 
that there may be free after-bleeding. As the 
abstraction of blood near the eye always causes 
considerable increase in the flow of blood to that 
part and its vicinity, the depletion should always 
be made late in the afternoon, so that the patient 
may retire to rest directly afterwards, and he 
shotdd be kept in a darkened room till the next 
afternoon. At first he will see a little dimly, but 
after 30 — 36 hours the beneficial effect of the 
bleeding will generally be very marked. 

Although we may alleviate most of the symp- 
toms above mentioned by means of constitutional 
treatment, together with great rest of the eyes, 
artificial leeches, and the eye-douche, there are yet 
some cases in which, on account of some peculiarity 
of constitution, or extreme debility, the best and 
most trustworthy of these remedies may be inappli- 
cable, and we can then only prescribe the patient 
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rest, confidence, and hope. But how few axe there 
whose common sense is suflGlciently strong, whose 
confidence in their medical attendant is sufficiently- 
firm, to await in apparent inactivity a more favour- 
able turn in their disease ? Many patients of this 
class run about from one oculist to another, until 
their minds are so imsettled by, perhaps, conflictiag 
advice (professional and non-professional) that their 
state of anxiety and nervousness really becomes 
pitiable. 
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CHAPTER V. 

MUSCULAK ASTHENOPIA. 

For the purpose of illustrating the symptoms 
presented by this aflFection, let us suppose that 
a short-sighted person (whose myopia = -g^) applies 
to us with the complaint that, after he has been 
reading without glasses for a short time, the letters 
become confused and blurred, and appear to run 
into each other, and that one line overlaps the 
other. This is due to diplopia caused by the 
inability to preserve the requisite degree of con- 
vergence of the optic axes, on account of the 
weakness of the internal recti muscles. At the 
same time, he experiences pain in and around 
the eye, and, if he persists in reading, the eyes 
become red and watery, so that he is forced to 
lay the book aside. After resting for a short 
time, the reading may be resumed, to be, how- 
lever, again interrupted by the same train of 
symptoms. These symptoms of muscular asthe- 
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nopia, indeed, last longer after the cessation from 
work than those dependent upon the acjcommoda- 
tive form. Upon examination, we find that the 
eyes look perfectly normal, that acuteness of vision 
is excellent (he is able to read the finest print), 
and that his range of accommodation is good. 
He is, however, myopic (his far point lies at 8'' 
from the eye), and he will, consequently, if reading 
without spectacles, be obliged to hold the print 
nearer than this point (at about 6'0- This wiU 
necessitate so considerable a degree of convergence 
of the optic axes, that the internal recti muscles 
may not be sufficiently strong to maintain it for 
any length of time, without becoming greatly 
fatigued and at length giving way. In order to 
judge if such insufficiency of the internal recti 
muscles is present, we direct the patient to look 
steadily at an object (a pencil, or our Tiplifted 
forefinger), and then gradually approximate this 
to the eye. If the muscles are too weak, we find 
that when the object is brought to about 6'\ one 
eye becomes a Httle unsteady and wavering in its 
fixation, and then gradually, or else suddenly and 
spasmodically, deviates outwards. The same de- 
viation occiu^ when we cover one eye so as to 
exclude it from participation in the act of vision, 
even perhaps if the object be some feet distant. 
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Now, this deviation shows that the internal recti 
muscles are not sufficiently strong to keep up the 
necessary amoimt of convergence (for 5'' — 6^^ 
during reading. As soon as we exclude one eye 
(by covering it) from the act of vision, it follows 
its natural impulse, and deviates outwards, thus 
showing the weakness of its internal rectus. In 
order to avoid diplopia, this tendency to deviation 
is, however, suppressed by the patient when he 
looks at an object, as long as this is not approxi- 
mated too closely. After a time, if he continues 
to work much at near objects, one eye moves out- 
wards, and a permanent divergent squint is pro- 
duced, the patient learning at the same time to 
suppress the image of the squinting eye in order 
to avoid diplopia ; but this active negation of the 
pseudo-image soon leads to weakness of sight of 
the squinting eye. .Other patients avoid the dis- 
agreeable symptoms of asthenopia by closing one 
eye whilst looking at near objects. 

By means of prisms, we can in such cases easily 
satisfy ourselves of the diminished strength of the 
internal recti muscles, and the increased power of 
the external recti. Before explaining this mode 
of examination, it will be well to describe the 
different kinds of diplopia which are met with, 
and also to say a few words as to the action of 
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prisniatic glasses, as some of my readers may not 
be quite conversant with these subjects. 



In explanation of diplopia and the action of 
prisms, I give the following extract from my Lec- 
tures on Strabismus. — Med. Times and Gazette, 
1862-3:— 

" An object only appears single when both 
optic axes are fixed upon it; any pathological 
deviation of either optic axis must necessarily 
cause diplopia, as the rays from the object do not 
then fall upon identical portions of the retina. 
The slightest degree of diplopia is that in which 
the double images are not yet distinctly defined 
(are masked), but seem to lie slightly over each 
other, so that the object appears to have a halo 
round it. 

We meet with two kinds of double images. 

1. Homonymous (or direct) diplopia, in which 
the image to the right of the patient belongs to 
his right eye, the left image to the left eye. 

2. Crossed double images, in which- case the 
image to the right of the patient belongs to his 
left eye, that on his left to his right eye. 

Homonymous diplopia is always produced (ex- 
cept in incongruence of the retinae) in convergent 
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squint^ for if the eye deviates inwards from the 
object, the rays coming from the latter will fall 
upon the inner portion of the retina, and the 
image will (in accordance with the laws of pro- 
jection) be projected outwards as in Fig. 7. 

Fig. 7. 




II. 



Let I. be the right eye, whose optic axis is 
fixed upon the object (b). II. The left eye, whose 
optic axis (c d) deviates inwards from the object, 
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the rays from b therefore fall upon e, a portion of 
the retina internal to the mactila lutea (d), and 
the image is consequently projected outwards to 
f ; b and f are, therefore, homonymous double 
images, the image b, which is to the right of the 
patient, belonging to his right eye, the image f to 
his left eye. 

Crossed double images arise in divergent squint, 
for the one eye deviating outwards from the object, 
the rays from the latter faU upon a portion of the 
retina external to the macula lutea, the image is 
projected inwards, and crosses that of the other 
eye, as in Fig. 8. 

I. The right eye, whose optic axis is fixed upon 
the object (b). II. The left eye, whose optic" axis 
(c d) deviates outwards from the object, the rays 
from the latter therefore faU upon e, a portion of 
the retina external to the macula lutea (d), and 
the image is projected to f, crossing the image b ; 
the image f, which would lie on the patient's right 
hand, would, therefore, belong to his left eye, the 
image b, which would lie on his left side, to the 
right eye. 

If one eye squints upwards, the rays will fall 
upon the upper portion of the retina, and the 
image be projected beneath that of the healthy 
eye. The reverse will be the case if the eye 
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squints downwards, for then the rays fall upon the 
lower portion of the retina, and the image wiU be 
projected above that of the healthy eye/' 

Fig. 8. 




n. I. 

We should never forget to ascertain whether 
the diplopia be monocular or binocular; if it be 
the latter, it will of course disappear upon the 
closure of the healthy eye."*^ 

♦ " In examining the double images of a patient it is con- 
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Let lis now glance at the action of prisms. 
When a ray of Hght falls upon a prism, it is re- 
fracted towards its base. If, for instance, whilst 
we look at an object (e. jr., a lighted candle) at 8' 
distance with both eyes, a prism, with its ba^se 
towards the nose, is placed before the left eye, the 
rays from the candle will be deflected towards the 
base of the prism, and fall upon a portion of the 
retina internal to the yellow spot, and be conse- 
quently projected outwards, giving rise to homony- 
mous diplopia. As we are, however, very suscepti- 
ble of double images, the eye will endeavour to 
unite them by an outward movement (its external 
rectus becoming contracted), which will again bring 
the rays upon the yellow spot, but at the same 
time of course cause a divergent squint. Fig. 9 
will explain this. 

Let a b be the optic axis of the left eye fixed 
(with the other) upon a candle 8' off. Now, if a 
prism (with its base towards the nose) be placed 

venient to place a slip of red glass before the sound eye, for 
we thus enable him readily to distinguish the two images by 
their colour, and we also weaken the intensity of the image 
of the sound eye, and approximate it more to that of the 
affected one, whose image, owing to the rays from the object 
falling upon an excentric portion of the retina, will be less 
intense in proportion to the distance of the spot, upon which 
the rays fall, from the macula lutea." — Ophthalmic Hospital 
Reports, No. 9, p. 139. 

I 



114 



MUSCULAR ASTHENOPIA. 



Fig. 9. 



before it, the rays are refracted towards the base 
of the prism and do not, as in the 
other eye, fall upon the yellow 
\ / spot, but on a portion of the 

retina (c) internal to the latter, 
and the image is projected out- 
wards to d; homonymous dip- 
lopia therefore arises, and to avoid 
this the external rectus muscle 
contracts and moves the eye out- 
wards, so as to bring the macula 
lutea (b) to that spot (c) to 
which the rays are deflected by 
the prism. As the rays from the 
object will now fall in both eyes 
upon the macula lutea, single vision will result, 
accompanied, of course, by a divergent squint of 
the left eye. 

The reverse will occur if we turn the prism 
with its base to the temple, for then the rays will 
be deflected to a portion of the retina to the outer 
side of the macula lutea, and the image wiU be 
projected inwards across that of the right eye, and 
crossed diplopia will be the result. In order to 
remedy this, the internal rectus will contract and 
move the eye inwards, so as to bring the macula 
lutea to that spot to which the rays are deflected 
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by the prism. There will consequently be a con- 
vergent squint. 

As the internal recti muscles are far more con- 
stantly used than the external, they gain a greater 
degree of strength than the latter, and can over- 
come far stronger prisms by a voluntary inward 
squint. In a normal eye, the internal rectus can 
generally overcome a prism of 14°, whereas the 
external rectus cannot often overcome one stronger 
than 5'— 6". 

Prismatic glasses are of great value in oph- 
thahnic practice, for they not only enable us to 
free a patient from the annoyance of diplopia, to 
exercise and strengthen a partially paralysed or 
insufl&cient muscle, but also to ascertain whether 
or not a person enjoys binocular vision (Gemein- 
schaftlicher Sehact), i.e., sees with both eyes at the 
same time, — a fact which is of great importance 
with regard to our prognosis of the result of an 
operation for squint. If binocular vision exists 
we may guarantee a perfect cure, without it we 
can but promise an approximative one ; for in the 
latter case there will not, of course, be any diplopia, 
and the perfect cure of squint depends, as we 
shall show hereafter, upon the presence of double 
images. 

We should, therefore, in all cases of squint 

I 2 
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carefuUy ascertain whether there is binocular 
vision or not. Its presence is of course at once 
proved by binocular diplopia, for this cannot exist 
if the person only sees with one eye at a time. A 
person may see perfectly with either eye singly, or 
when both are open there may be no deviation of 
either optic axis, and yet he may not see with 
both eyes at the same time. In the majority of 
cases of squint, particularly if the affection has 
existed for some time, there is no binocular vision, 
the one image beiQg suppressed, and there is con- 
sequently no diplopia ; the sight of the squintiag 
eye is generally considerably impaired; occasion- 
ally, however, it is almost or even quite normal. 

We may readily ascertain whether or not a 
person enjoys binocular vision by simply placing a 
prism before one eye. We should first, however, 
examine each eye separately, so that its degree of 
vision, range of acconunodation, and state of refi:ac- 
tion, may be accurately ascertained, notice being 
also taken whether its optic axis is fixed upon the 
object, or whether the eye "fixes'' the latter with 
an excentric portion of the retina and not with the 
macula lutea. The patient being ordered to loojc 
(with both eyes open) at a lighted candle placed at 
a distance of from six to eight feet, a prism with 
its base outwards is to be placed before one eye. 
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Let us now suppose it held before the left eye, 
—one of three things will occur : — 

1. Diplopia, — The rays from the object will be 
deflected by the prism towards its base, and will 
consequently impinge upon a portion of the retina 
external to the macula lutea, and be, therefore, 
projected inwards, giving rise to crossed double 
images. 

2. Corrective Squint. — Now, if the prism be 
not too strong, the left eye will, in order to over- 
come the annoyance of the diplopia, squint in- 
wards, thus bringing the deflected rays once more 
upon the yellow spot, and uniting the double 
images. We may, therefore, be certain that bino- 
cular vision exists, if, on holding a prism before 
one eye, diplopia or a corrective squint arises. 
If the base of the prism is turned outwards, 
the squint would be convergent, if inwards, 
divergent. 

3. But the prism may have no effect whatever ; 
it neither gives rise to diplopia nor to a squint, 
indeed the eye does not move at alL This proves 
at once the absence of binocular vision, and shows, 
moreover, that the prism has been held before the 
eye which the patient does not use (although its 
sight may be perfect), for if we place it, still with 
its base outwards, before the other eye, the latter 
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will move inwards, in order to bring the deflected 
rays once more upon the macula lutea, the other 
eye making at the same time an associated move- 
ment outwards, so that, although the one eye 
moves inwards, there. will be no corrective squint, 
the other eye counterbalancing the inward by an 
associated outward movement. The eye which, 
when a prism is interposed, moves towards the 
rejfracting angle of the latter, is the one commonly 
used, whereas the other eye which makes an asso- 
ciated movement, is the one excluded from bino- 
cular vision. 

Frequently binocular vision is lost only in cer- 
tain portions of the retina, particularly in those 
which, though not identical with, are constantly 
excited simultaneously with the central portion of 
the retiua of the other eye. 

Thus in convergent squint we find that, in the 
squinting eye, the portion of the retiua which lies 
internal to the yellow spot is the first to suffer 
a loss of binocular vision, for it is directed towards 
the object, and is, therefore, (though not identical 
with it) constantly excited simultaneously with 
the central portion of the retina of the other eye, 
which is fixed upon the object. The reverse occurs 
in divergent squint, for there the external portion 
of the retina is the first to fail. At first this loss 
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of binocular vision extends horizontally only, so 
that if we turn a prism with its base upwards or 
downwards (or place it even in a diagonal position), 
we at once produce double images, which show not 
only a difference in height, but also, if there is any 
squint, a lateral difference. We may thus deter- 
mine, with the greatest nicety, which part of the 
retina has lost the power of binocular vision. 
Sometimes, it extends over the whole retina, so 
that we fail to produce diplopia even with the 
strongest prisms turned in any direction; at others 
this loss of binocular vision is tolerably circinn- 
scribed, being confined to a very small portion of 
the retina. In convergent strabismus, for instance, 
only a small portion of the retiua internal to the 
yeUow spot may have suffered, so that on placing 
a prism, with its base towards the nose, before 
this eye, and deflecting the rays stDl more iQwards, 
double images are at once produced, although the 
deflected rays now impiage upon a more excentric, 
and, naturally, less sensitive portion of the retina. 
Occasionally, we may iq such a case also produce 
diplopia, if we bring the rays nearer to the macula 
lutea by means of a prism. Thus, through a 
sudden alteration of the position of the optic axis 
of the affected eye, diplopia may be at once 
induced ; as, for instance, after the operation for 
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squint, or in cases of paralysis or spasm of the 
other muscles of the eyebalL 



Prismatic glasses, therefore, afford us an excel- 
lent test of the relative strength of the internal 
recti muscles. Now, in insufficiency of these 
muscles we find that their strength is greatly 
diminished, so that they may perhaps only over- 
come a prism of 4° — 5^ instead of in the normal 
eye, one of 16° — 24°, or even 30\ The external 
recti, on the other hand, gain unusual strength in 
such cases, on accoimt of the diminished force of 
their opponents, and may now be able to overcome 
prisms of 14°, 16°, 20°. 

In testing the relative strength of the muscles 
with prismatic glasses, the object (a lighted candle 
is the best) should be placed at a distance of 7 — 8 
feet. If the patient is short-sighted, he should be 
furnished with tj;ie concave glass, which will enable 
him to see the object distinctly and clearly defined. 
Von Graefe has pointed out the interesting fact, 
that the power of overcoming prisms by the action 
of the external rectus (voluntary abduction) in- 
creases as the object is brought nearer to the eye. 
He himself is able (the object being placed at a 
distance of 6') to overcome a prism of 30° through 
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adduction (action of the internal rectus), and one 
of 6°, through abduction (action of the external 
rectus). When the object is, however, brought to 
1' he can overcome a prism of 16** through abduc- 
tion, and at 8" one of 22^ The power of the 
internal rectus appears to remain about the same 
up to a distance of 8'', but it becomes somewhat 
diminished when the object is brought nearer than 
this. 

The diagnosis of insufficiency of the internal 
recti muscles may either be made by approaching 
an object close to the eye and watching whether 
the fixation remains steady, or whether one eye 
becomes imsteady and moves outwards. Or, whilst 
the patient is regarding an object at 10^' — 12'^ dis- 
tance, we may cover one eye with the palm of our 
hand, so as to exclude it from participation in the 
act of vision, and the same outward deviation will 
occur in the covered eye if its internal rectus is 
insufficient ; for as there is noy no longer any 
visual impulse to regulate the position of the optic 
axes, the covered eye follows the action of the 
stronger muscle. 

This test is applicable in marked cases of 
insufficiency, where the deviation is considerable 
enough to be at once apparent, but in slight cases 
it may be so small as to be inappreciable by the 
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eye, although the double images may be very 
distinct to the patient. It is, therefore, far better 
to make use of a prism to detect these slighter 
cases. This should be placed with its base 
upwards or downwards so as to produce diplopia ; 
the double images will then not be fused into one, 
as the eye cannot unite double images which show 
a difference in height. 

We have seen that the normal eye may be able 
to overcome a prism of 20° — 30° with its base 
turned outwards, and one of 6° — 8° with its base 
turned inwards, but very few persons can overcome 
more than a prism of V with its base turned 
upwards or downwards. The consequence wUl, 
therefore, be that diplopia wiU be produced, 
the visual impulse will be abrogated, and the 
eye yield to the prepondering influence of the 
strongest muscle. In the normal eye the muscles 
are equally balanced and the double images will 
only show a diffe^:ence in height, standing straight 
one above the other. But if either the internal 
or external rectus considerably exceeds the normal 
standard of strength, the double images wiU not 
only show a difference in height but also a lateral 
difference. If the internal rectus is insufl&cient, the 
eye will move outwards when a prism is held with 
its base upwards or downwards, and there will. 
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consequently, be not only a difference in the height 
of the double images, but they will also be crossed, 
on accoimt of the divergent squint. We may then 
easily express the degree of insufficiency by the 
degree of the prism (base turned inwards) which 
is required to bring the double images one above 
the other. This mode of examination is particu- 
larly recommended by Von Graefe, 
who proposes the following plan. A Yig. 10. 
dot is drawn on a piece of paper, and 
is then bisected by a fine vertical 
line (Fig. 10). This paper is placed 
at the usual distance of reading or 
writing, and the patient is directed 
to regard with both eyes the dot. 
A prism of 14** (with its base 
upwards) is then to be placed in 
front of one eye. This will at 
once produce diplopia, and the 
image of the eye before which, the 
prism is held will be beneath that 
of the other eye. If the eyes are 
normal, the double images will only show a 
difference in height, but not any lateral difference, 
they will lie straight above one another. But 
if the internal rectus is insufficient the eye 
moves outwards, and consequently the double 



124 MUSCULAR ASTHENOPIA. 

images will not only show a difference in height, 
but also a lateral difference, and they will be 
crossed. We next try what prism (with its 
base inwards) is required to neutralise the effect 
of this deviation and bring the images straight 
above each other. In order to ascertain whether 
the images are crossed or homonymous we place 
a slip of red glass before the other eye, and 
this will enable us at once to distinguish which 
image belongs to the left and which to the 
right eye. After the presence and degree of 
insufficiency has been thus determined, we should 
proceed to test the relative strength of the 
internal and external rectus of each "eye, by 
ascertaining the strongest prism which they are 
able to overcome. 

Although insufficiency of the internal recti 
muscles occurs chiefly together with myopia, it is 
occasionally also met with in emmetropic and 
hypermetropic eyes. Indeed it is far more common 
than is generally supposed. It will be self-evident, 
that a short-sighted person will have to approxi- 
mate small objects more closely to the eye than an 
emmetropic individual, and that the internal recti 
muscles wiU, therefore, have to maintain a greater 
degree of convergence ; if the myopia is very 
considerable they may be unable to do so for any 
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length of time without becoming over fatigued and 
symptoms of asthenopia arising. This constant 
fatigue will soon weaken them and lead to still 
greater insufficiency. Diseases which greatly 
weaken the general system, such as severe fevers, 
diphtheria, &c., may also produce a temporary 
insufficiency, which disappears, however, when the 
patient has regained his strength. 

Cases of insufficiency of the internal recti 
muscles may be treated in different ways, according 
to whether our purpose is merely to alleviate, or to 
cure the affection. We may alleviate this muscular 
asthenopia in two ways : 

1st. By permitting the use of concave glasses 
(if the patient is myopic) for reading and working 
at near objects. For if we give a patient suffering 
from myopia =^, a pair of spectacles which enable 
him to read at a distance of from 12'^ to 14'', the 
amount of convergence of the optic axes (and the 
consequent action of the internal recti) will be 
proportionately diminished, and he will now be 
able to read with more ease and comfort. But 
the spectacles act only as a palliative, indeed the 
internal recti muscles become weaker instead of 
stronger, for they will now have much less than 
their accustomed work. We must remember 
also the danger in using concave glasses for near 
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objects, viz., that the patients are apt after a time, 
when their eyes get somewhat fatigued, to ap- 
proach the object too near the eye, and thus to 
strain their power of accommodation. These spec- 
tacles should be slightly blue, as such eyes often 
suffer from photophobia. 

2. The asthenopia may be alleviated by the 
use of prisms with their base turned inwards. Let 
us presume, for instance, that the natural tendency 
is to deviate outwards to about V^^ during work at 
near objects; now, if we place a prism with its 
base inwards, of sufficient strength to neutralise 
this deviation exactly (by bringiug back the retiual 
image to the macula lutea), we should enable the 
person to read with comfort, for we thus diminish 
the action of the internal recti and remove the 
symptoms of asthenopia. It is not always neces- 
sary to neutraKse the whole of the deviation, for 
weaker prisms will often suffice. It is always 
better to divide the prism between the two eyes, 
more particularly if it be stronger than 8°. If a 
prism of 10° is required, we should order one of 5° 
for each eye. In myopia it should be combined 
with the requisite concave lens, whereas in hyper- 
metropia or in emmetropia if the range of ac- 
commodation is diminished it is advisable to 
combine it with a convex lens as the diminu- 
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tion in the convergence of its optic axes is 
accompanied by a diminution of the power of 
accommodation. 

These prismatic glasses are particularly indi- 
cated in slight cases of insufficiency, or in those in 
which there is but a very limited power of abduc- 
tion for distance, and hence the fear that a conver- 
gent squint might arise after division of the ex- 
ternal rectus. 

It has been thought that this affection may be 
cured by strengthening the internal recti muscles 
through constant exercises with prismatic glasses 
held with their base outwards before one eye, so 
that the rays from the light (to be placed at a 
distance of about 8') will impinge upon a portion 
of the retina slightly to the outer side of the 
macula lutea ; in order to avoid the diplopia arising 
from this, the eye will then move inwards, so as to 
bring the rays again upon the yellow spot.*^ By 
gradually increasing the power of the prism we 
exercise the iatemal rectus more and more, and it 
will soon acquire greater strength. 

But this plan of treatment requires great 

* Short-sighted persons must be furnished with concave 
spectacles during these exercises, so that they may see the 
object distinctly. 
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patience and accuracy, both on the part of the 
medical man and of the patient, and the latter 
generally soon gets wearied of these exercises, which, 
in order to secure anything like success, would 
have to be continued for a length of time. If the 
prism is chosen at all too strong, it will rather 
tend to weaken the muscle by over-exertion than 
to strengthen it. 

The best plan of treatment is division of the 
external rectus muscle. Our object in doing this 
is to strengthen the abnormally weak internal 
rectus by a division of its opponent muscle, so that 
the former will have a less resistance to overcome. 
Our primary object must always be to enable the 
patient to read, write, and work at near objects 
without any difficulty, and we must, of course, be 
chiefly guided in this by his state, of refraction. 
If he is myopic, he will have to hold such objects 
much closer to the eye than if he is emmetropic or 
hypermetropic. If, for instance, he suflPers from 
myopia =r ^, he wiU require to read at about 5^^^, 
and should be able to converge his optic axes 
steadily, and for some time upon an object at ^'. 
We must, above aU things, endeavour to obtain this 
result, and it will not ma,tter much if there should 
be a slight tendency to convergent squint when he 
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is looking at distant objects ; for in order to escape 
the diplopia consequent upon this, the external 
rectus will contract, and by moving the eye slightly 
outwards correct the squint, and once more bring 
both optic axes to bear upon the object. Of course 
the amount of convergence which may be safely per- 
mitted for distance, must depend upon the relative 
strength of the internal and external rectus, and 
more particularly upon the power of abduction. 
If in a myopia of y? the internal rectus could, 
before the operation, only overcome a prism of 
4° — 5*"^ \yyxt the external rectus one of 14° — 16°, it 
would be perfectly safe to permit a convergence of 
y^^ — V^^ for distance, more particularly if the 
excluded eye had, before the operation, deviated 
outwards |''^ — V^^ when covered. In such a case, 
even after its division, the external rectus would 
remain sufficiently strong to rectify the converging 
squint. 

The following considerations must guide us 
as to the extent of the tenotomy : 

1. The degree of the myopia, and the conse- 
quent distance for which the optic axes must con- 
verge in reading, etc. 

2. The strength of the prisms which can be 
overcome by the internal and external rectus. 
The strength of the prism which can be overcome 

K 
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for distance by the external rectus gives us a clue 
as to the extent of the tenotomy, for we may cor- 
rect with safety the deviation outwards which 
corresponds to the strength of this prism. Von 
Graefe has found that the primary effect of the 
operation may even exceed this by f — f ^^ so 
that, at a distance, homonymous double images 
arise in the middle line, which require a prism of 
10° to unite them. As long as this is not exceeded 
we need not fear that the homonymous diplopia 
will remain permanently. 

3. The degree of deviation outwards (in look- 
ing at distant objects), which occurs when the 
affected eye is covered. The less this power of 
abduction is, the more carefiil must we be with 
the tenotomy. If the degree of insufficiency ex- 
ceeds the prism which the eye can overcome at a 
distance by abduction, we must only partially 
correct the insufficiency, and limit the effect of the 
operation by a conjunctival suture. We may also 
assist the effect of the operation by using prismatic 
glasses with the base inwards, for reading, etc. 
Where the power of abduction is extremely slight, 
and the insufficiency at a distance almost nil, 
tenotomy is contra-indicated, for it would be sure 
to be followed by a convergent squint and con- 
sequent diplopia for distance. In such cases 
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the asthenopia must be alleviated by prismatic 
glasses. ^ 

4. The mode of deviation when the object is 
approximated to the eye. This test is, however, 
less accurate than the preceding ones. Von 
Graefe thinks that a considerable correction is 
indicated, if the eye moves suddenly and spasmo- 
dically outwards at the moment when the insuffi- 
ciency of the internal recti shows itself; whereas 
we must be more guarded in the extent of the 
operation, if, as the object is brought gradually 
nearer to the eyes, the one moves outwards in 
about the same ratio as the other moves inwards, 
making an associated movement with this. Still 
more cautious must we be, if the affected eye 
remains stationary at a certam point, without 
apparently deviating any further outwards. 

If both external recti are much weaker than 
normal, and if the deviation imder the covered 
hand exceeds 1^^^^ — 2'^^, a double operation will 
be necessary. This, however, should never be 
done at one sitting. We should first divide the 
external rectus of the eye most affected, and then, 
after a few days, when the final result of the 
operation is apparent, the other eye must be care- 
fully and accurately examined, in order to ascer- 
tain to what extent the insufficiency still remains, 

K 2 
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and to what extent tlie operation is indicated. It 
is alwjiys safest at the second operation to divide 
the abductor very carefully and very close to its 
insertion, and then to test the accommodative 
movements of the eyes, the amoimt of convergence 
at a distance, and the pjism required to overcome 
the homonymous diplopia, and if the convergence 
at all exceeds our wishes, to insert a conjunctival 
suture. 

As these cases of insufficiency frequently de- 
mand the most nice performance of the operation 
of strabismus, and as it is of the greatest im- 
portance that it should be efficiently executed, 
and all minutiae carefully attended to, I give the 
following extract from my Lectures upon Stra- 
bismus in Med. Times and Gazette, Jan. 24, 1862, 
in which the method of performing the operation 
is described at length. 



"As the operation is often very painful, the 
patient should be placed under the influence of chlo- 
roform. The eyelids are to be kept apart by the 
spring speculum, or, if this proves not sufficiently 
strong, by the broad silver elevators. An assistant 
should avert the eye with a pair of forceps (I am 
supposing that the internal rectus of the right eye 
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is to be operated on), taking care to do so in the 
horizontal direction, without rotating the eyeball 
on its axis, otherwise the horizontal position of 
the internal rectus will be changed. The operator 
should then seize, with a pair of finely-pointed 
forceps, a small, but deep fold of the conjunctiva 
and sub-conjunctival tisstfe, close to the edge of 
the cornea, and about midway between the centre 
and lower edge of the insertion of the internal 
rectus. He next snips this fold with the scissors 
(which shoiild be bent on the flat, and have 
tolerably sharp points), and, biurrowing beneath 
the subconjunctival tissue in a downward and 
inward direction, makes a fdnnel-shaped opening 
beneath the subconjunctival tissue, this being, 
however, done very carefully, so as not to divide 
it to too great an extent. If the subconjunctival 
tissue is thick and strong, it will be better first 
to take up a smaU fold of the conjunctiva only, 
to open this, and then, seizing the subconjunctival 
tissue, to divide the latter. The squint-hook 
(which should be bent at a right angle, and have 
a slightly bulbous point), is then to be passed 
through the opening to the lower edge of the 
tendon. Its point being pressed somewhat firmly 
against the sclerotic, the hook is to be turned on 
the point and slid upwards beneath the tendon, 
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as close to its insertion as possible, and the whole 
expanse of the tendon caught up. You must be 
careful not to direct the point of the hook upwards 
and outwards, otherwise it may perforate the fibres 
of the tendon, and only a portion of the latter be 
caught up ; the direction of the point should, there- 
fore, be rather upwards and inwards. When the 
tendon has been secured on the hook, the conjunc- 
tiva which covers its upper portion may be gently 
pushed off with the points of the scissors, so as to 
expose the tendon, which is then to be carefully 
snipped through with the scissors as closely as 
possible to its insertion. When it has been com- 
pletely cut through, the conjunctiva is to be 
sUghtly elevated on the point of the hook, and a 
smaller hook passed upwards and downwards to 
ascertain whether the lateral expansions of the 
tendon have been divided. Should a few fibres 
remain, you must divide them, and again ascertain 
whether any others are still present. Never omit 
to satisfy yourselves upon this point, for sometimes 
the lateral expansions are considerable, the tendon 
spreading out like a fan, and, although a few 
fibres only might remain undivided, they would 
often suffice to spoil the effect of the operation. 

If you find, on the first introduction of the 
hook, that it slides up to the edge of the cornea 
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without having caught up the tendon, you may be 
certain that you have either not .divided the sub- 
conjunctival tissue at aU, or that you have passed 
the hook between it and the conjunctiva. If the 
former is the case, you must open the subconjunc- 
tival tissue, and then, on reintroducing the hook, 
you will have no difficiilty in finding the tendon. 
The opening in the conjunctiva and subconjunc- 
tival tissue should be but small, and the excur- 
sions with the hook limited, otherwise the sub- 
conjunctival tissue and the lateral processes of the 
capsule of Tenon will be extensively lacerated, 
which will be followed by a too great recession of 
the muscle. 

The after treatment is very simple. The eye, 
after having been well washed and cleansed of any 
blood coagula, is to be kept constantly moist with 
cold water dressing during the day of operation, 
so as to prevent any extensive effusion of blood 
under the conjunctiva. No button of granulations 
will form on the stump of the tendon, if the latter 
has been divided close to its insertion, and if the 
opening in the conjunctiva has been made near the 
upper or lower edge of the tendon, so as not to 
leave the latter exposed. 

The effect upon the squint, which foUows im- 
mediately upon the operation^ will not be the per- 



136 MUSCULAR ASTHENOPIA. 

manent one. We may, indeed, distinguish three 
stages in the eflfect produced by the operation : — 
1st. The period immediately following the opera- 
tion ; 2nd. After three or four days have elapsed ; 
3rd. After the interval of a few months, — ^this 
being the permanent effect. During the first 
stage the effect will be considerable, for the eye can 
now only be moved in the direction of the divided 
muscle, by the indirect connexion of the latter 
with the sclerotic by the lateral processes of the 
capsule of Tenon. As soon as the divided end of the 
tendon becomes reimited with the sclerotic, which 
generally occurs within three or four days, the 
effect will diminish, for the muscle now again 
exerts a direct influence upon the eyeball. This 
is the second stage. But we find that a further 
alteration in the position generally shows itself a 
few weeks or months after the operation, the effect 
being then somewhat increased. This is due to 
the action of the opponent muscle, which, on 
account of its antagonist having been weakened, 
can now exert a greater influence upon the posi- 
tion of the eyeball. 

After the external rectus has been divided we 
must be very careful in these cases of insufliciency 
to note the degree of convergence at a distance, 
and the number of the prism which is required to 
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correct the homonymous diplopia. If it appears to 
us that the eflFect of the operation is at all too 
considerable, a conjunctival suture should be in- 
serted, so that the inner and outer lips of the 
woimd are united, which wiU cause a diminution 
in the eflFect of the tenotomy. It does so by re- 
advancing the tendon, which is closely connected 
with the conjunctiva and subconjunctival tissue; 
the divided ends will consequently be more closely 
approximated, and the retraction of the muscle 
diminished. The suture may remain in for 
24 — 36 hours. The more of the conjunctiva is 
embraced in the suture, the more will the eflfect of 
the operation be diminished ; we may, indeed, make 
it equal to nil, and we can thus regulate the eflPect 
of the tenotomy to a nicety. 

I do not consider that the sub-conjunctival 
method of operating for squint is at all applicable 
to these cases of insufficiency of the internal recti, 
for we cannot, if necessary, diminish the eflFect of 
the tenotomy by a conjunctival suture." 
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CHAPTER VI. 

PKESBYOPIA. 

A PERSON siiffering from presbyopia finds that his 
sight, particularly in the evening, is beginning to 
fail him for near objects, small print, &c. ; at a 
distance he can, however, see perfectly. In order 
to see minute objects more distinctly he is obliged 
to remove them further from the eye. or even to 
seek a bright light, so as to diminish the circles of 
difiFusion upon the retina by narrowing the size of 
the pupil. But as the retinal images of these fine 
objects are very small, on account of the distance 
at which they are held, he will soon experience a 
commensurate diflficulty in clearly distinguishing 
them, the print, for instance, will get indistinct 
and confused, and the eyes become fatigued and 
aching. 

In simple presbyopia, the far point is at a 
normal distance fi:om the eye, parallel rays are 
united upon the retina, and neither concave nor 
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convex glasses (even after the instillation of atro- 
pine) at all improve distant vision. The eye is 
neither myopic nor hypermetropic. There is in 
fact no anomaly of refraction, but only a narrow- 
ing of the range of accommodation ; the near 
point is removed too far from the eye, and hence 
the difficulty of accurately distinguishing small 
objects. 

Presbyopia is, however, often accompanied by 
amblyopia (weakness of sight), and the latter is 
sometimes mistaken for it; this may the more 
easily occur, as the amblyopic patient also cannot 
see small objects distinctly, and as convex glasses 
improve his vision by affording him larger retinal 
images. In a purely presbyopic eye (which is free 
from amblyopia), we should, by means of the 
proper convex glass, be able to restore a normal 
sharpness of vision and a normal range of accom- 
modation. With this glass the patient should be 
able to read No. 1 of Snellen at a distance of 
about 8^^. If he cannot do this, but only perhaps 
decipher Nos. 4 or 6, or if he is obliged to hold the 
object very near his eye (nearer than is warranted 
by its size), he is not only far-sighted but also 
amblyopic. It may, therefore, be laid down as a 
practical rule that the nearer we can approximate, 
by means of convex glasses, the vision and range 
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of £U3commodation of a presbyopic eye to that of a 
normal one, the less is the impairment of sight 
due to amblyopia, and vice versd. 

Donders has found that in the normal (emme- 
tropic) eye the near point gradually recedes, even 
from an early age, further and further from the 
eye, and that, in consequence of this, vision of 
very minute objects becomes proportionately more 
and more difficult. This recession of the near 
point commences already about the tenth year, and 
progresses regularly with increasing age. At forty 
it lies at about 8^' from the eye, at fifty at 
11 '^ — 12^' and so on. In the normal eye no incon- 
venience or annoyance is experienced from this 
recession till about the age of forty or forty-five. 

This change in the position of the near point 
is met with in all eyes, — ^the emmetropic, the 
hypermetropic and the myopic (if the latter 
remains healthy). 

But the far point also begins in the normal eye 
to recede somewhat about the age of fifty, so that 
the eye then becomes sHghtly hypermetropic (dis- 
tant vision being improved by convex glasses). 
At seventy or eighty years of age, the hyperme- 
tropia may = -gfj, ^.e., the patient can see dis- 
tinctly at a distance with a convex glass of 24^' 
focus. Donders says that this hypermetropia. 
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which is at first only acquired, may afterwards 
become absolute ; so that the patient is not only 
unable to accommodate for divergent, but even for 
parallel rays. 

This recession of the near point from the eye, 
and the consequent narrowing of the range of 
accommodation, is chiefly due to a change in those 
parts within the eye which are passively changed 
during the act of accommodation, and not so much 
to an alteration in those which through their 
activity bring about the accommodation. For the 
ciUary muscle, the active agent of accommodation 
is generally normal, although it may, later in life, 
undergo senile changes. Whereas the passively 
changed organ of accommodation, the crystaUine 
lens, gradually becomes more and more firm with 
advancing years, and in consequence of this in- 
creased firmness, the same amount of muscular 
action cannot produce the same change in the form 
of the lens as formerly. 

At first, of course, no mconvenience is experi- 
enced from this gradual recession of the near point ; 
we do not, in fact, notice it until the distance is so 
considerable that we cannot easily distinguish small 
objects. When are we, then, to consider an eye 
presbyopic ? Donders thinks this should be done 
as soon as the near point has receded further than 
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8" from the eye ; for as soon as this is the case, 
patients generally begin to complain that continued 
work at small objects has become irksome and 
fatiguing. We, however,, sometimes meet with 
persons with very strong sight, who can read and 
write for hours without experiencing any inconve- 
nience, even although their near point may be 11'' 
— 12^' from the eye. But these cases are excep- 
tional. Let us, therefore, with Donders, consider 
presbyopia to begin when the near point is removed 
further than 8^' from the eye. 

The degree of presbyopia may be easily found 
if we have decided upon a definite distance as the 
commencement of presbyopia (Pr.). According to 
Donders, its degree may be found in the following 
simple manner. He says, "if, that is to say, p^ 
(the presbyopic near point), be situated at n 
Parisian inches from the eye, then assuming the 

above-mentioned limit, Pr = ^ — -. Thus if p^ lie 

on ■*• • 

at 16 inches, Pr = ^ = j^ = ^^ ; if pg He at 24'^ 

Pr = g — 24 = 12* -^^^ *^^' glasses of about |— -i- 
are required, and in the examples given, glasses of 
-^ and 1^2"? *^ bring pa to 8'^, and so to neutrahse 
the presbyopia.''^ 

* Donders' "Anomalies of Refraction and Accommodation," 
p. 212. 
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The reader will have been struck by the fact, 
that if we consider an eye presbyopic when the 
near point is removed further than 8^' from the 
eye, not only the emmetropic (normal), but even 
the myopic or hypermetropic eye may suffer from 
presbyopia. If, for instance, a short-sighted person 
suffers from a myopia = -j^ (his far point lying at 
16'^ from the eye), and his near point lies at 12'^, 
he is both short and long-sighted. His myopia 
= -j^, his presbyopia = ■^. This cannot, of course, 
occur when the myopia is considerable, e.gr., ^ (the 
far point lying at 6^' from the eye). 

In hypermetropia the same thing may happen. 

If with the convex glass, which neutralises 
the hypermetropia — ^which renders the hypermetro- 
pic eye capable of uniting parallel and divergent 
rays upon the retina — the near point lies at \2'' 
from the eye, the patient is not only hypermetro- 
pic, but also presbyopic. He wiU require two dif- 
ferent sets of convex spectacles, one pair which 
will enable him to see from V2'^ to infinity, and 
another stronger pair which wiU bring his near 
point nearer than 12^'. 

The range of accommodation of a presbyopic 

eye is easily found by the formula a = - — -. If 
such an eye can see from 10'^ to infinity (oo), 
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its near point (p) will lie at lO^its far point (r) 
at 00, its range of accommodation, therefore 

— 10 00 ■" 10* ^ ■" 10* 

There can be no question as to the advisability 
and necessity of permitting far-sighted persons the 
use of spectacles. They should be furnished with 
them as soon as they are in the slightest degree 
annoyed or inconvenienced by the presbyopia. 
Some medical men think that presbyopic patients 
should do without spectacles as long as possible, 
for fear the eye should even at an early period get 
so used to them as soon to find them indispensable. 

This is, however, an error, for if such persons 
are permitted to work without glasses we observe 
that the presbyopia soon rapidly increases. 

It has been already stated how the proper 
glasses may be readily calculated. If p (the near 
point) lies 16^^ from the eye, Pr = -g^ — "i\ = i^- A. 
convex glass of 16''^ focus will bring the near point 
back again to 8^' from the eye. We must gene- 
rally, however, give somewhat weaker glasses, be- 
cause, on account of the greater convergence of the 
optic axes, the near point will through these glasses 
(convex 16) be in reahty brought nearer than 8^'. 
Late in life, when there is some diminution in the 
acuteness of vision (Sehscharfe), the near point 



PRESBYOPIA* 145 

may sometimes be brought even to 6'^ or 7'', and 
it should be brought the nearer the greater the 
range of accommodation. 

If no hypermetropia exists, the weakest glasses 
with which No. 1 of Snellen can be distinctly and 
easily read at about 12^' distance may generally be 
given. But I have often found that if the person 
is much employed in reading and writing, and has 
always been accustomed to hold his book at a con- 
siderable distance, he wiU be at first much inconve- 
nienced if his near point is brought to 10'' or 12''. 
We shall, therefore, have to give him glasses which 
will bring it only to about 16". With these he 
will be able to work with ease for a considerable 
length of time. They may afterwards be gra- 
dually changed for rather stronger ones. 

In choosing spectacles for far-sighted persons, 
we must also be particularly guided by the range 
of their power of accommodation. If this is good, 
we may give them glasses which bring their near 
point to 8" ; but if it is much diminished, weaker 
glasses should be chosen, so that it may He at 10" 
— 12" from the eye. 

In conclusion, I may be allowed to call the 
reader's attention to the very important fitct that 
a very rapid increase of presbyopia is one of the 
premonitory symptoms of glaucoma. If, there- 
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fore, a patient tells us that his far-sightedness has 
rapidly increased within a few months, so that he 
has had repeatedly to change his spectacles during 
that time for stronger and stronger ones, our sus- 
picions should be aroused, and we should without 
faU examine him as to the presence of other pre- 
mionitory symptoms of glaucoma, — e.g.^ rainbows 
round a candle, periodical obscurations, &a Von 
Graefe thinks that this rapid increase of pres- 
byopia is most likely due to an increase of intra- 
ocular pressure and flattening of the cornea. But 
it is, more probably, owing to the action of this 
pressure upon the nerves supplying the ciliary 
muscle, thus causing paralysis of the latter. 
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CHAPTER VIL 

HYPERMETROPIA. 

We have now to turn our attention to an affection 
which received but httle notice, and whose nature 
was not properly understood, until within the last 
few years. Although several writers had called 
attention to this condition of hypermetropia, 
amongst others especially, Stellwag von Carion 
and Ruete, we find the first accurate description 
of it in von Graefe's paper on "Myopia in dis- 
tans/'* Since then, Bonders' elaborate researches 
have furnished us with a masterly elucidation of 
the whole subject, and have shown how common 
this affection is, and how frequently it is the cause 
of asthenopia, and convergent strabismus. It was 
first designated hyperpresbyopia, but it was soon 
found that it may, and generally does, exist with- 
out the presence of any presbyopia at all, that this 
name was, therefore, inappropriate. It was then 
* Graefe's Archiv, II, i, 179. 

L 2 
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termed hyperopia ; this term is better, but Bonders 
now calls it hypermetropia, which is undoubtedly 
the best name for it, and which should be generally 
adopted.* 

By hypermetropia is meant that peculiar con- 
dition of the eye in which its refractive power is 
too low, or the optic axis too short, so that the 
focal point of the dioptric system lies behind the 
retina, and when the eye is in a state of rest, even 
parallel rays are not broughii to a focus upon the 
retina, but behind it, and only convergent rays 
are united upon the latter. 

The emmetropic eye unites parallel rays upon 
the retina without any effort of accommodation, 
and it also possesses the power of accommodating 
itself without difficulty for divergent rays, coming 
from objects 6'' — 8'' from the eye ; for a short time 
it can even unite upon the retina rays which come 
from 3'' — 4'' distance. The focal point of the 
dioptric system Ues in the emmetropic eye exactly 
upon the retina. Fig. 1, p. 6. 

In the myopic eye, it will be remembered, the 
state of refraction is too great, or the optic axis 
too long, so that when the eye is in a state of rest 
the focus of the dioptric system hes in front of 
the retina, and parallel rays (emanating from objects 
* It may also be called over-sight. 
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at an infinite distance) are brought to a focus 
before the retina, and only more or less divergent 
rays are united upon the latter, Fig. 2, p. 9. 

Now, in hypermetropia we have just the 
reverse of this. The refractive power of the eye 
is so low, or its optic axis so short, that when the 
eye is in a state of rest, parallel rays are not 
united upon the retina, but behind it, and only 
convergent rays are brought to a focus upon the 
latter. We must, therefore, give to parallel rays 
emanating from distant objects a convergent direc- 
tion by means of a convex glass, and the reader 
will now see how it is that a hypermetropic eye 
requires convex glasses for seeing distant objects. 
The patient may require perhaps even a stronger 
pair for near objects. The consequence of this low 
refractive power of the eye is, that whereas the 
noimal eye imites parallel rays upon its retina 
without any accommodative efibrt, the hyperme- 
tropic eye has already, in order to do so, to exert 
its accommodation more or less considerably, ac- 
cording to the amount of hypermetropia. This 
exertion increases, of course, in direct ratio with 
the proximity of the object. If the degree of 
hypermetropia is moderate, and the power of 
accommodation good, no particular annoyance is 
perhaps experienced, even in reading or writing. 



150 HYPERMETROPIA. 

If, however, the hypermetropia is absolute, the 
patient will not be able to see well at any point. 

Fig. 11. 




Fig. 11 represents a hypermetropic eye, in 
which either, on accoimt of its being too short in 
the antero-posterior axis, or its possessing too low 
a power of refraction, parallel rays are brought to 
a focus, not upon the retina (r), but behind it at f ; 
circles of diflRision (bb) are formed upon the 
retina, and the object consequently appears blurred 
and indistinct To remedy iJiis the eye undergoes 
a change in accommodation, so as to increase its 
power of refraction sufficiently to unite the parallel 
rays at r. The less the power of refraction of the hy- 
permetropic eye, the greater must this eflPort of the 
accommodation be, and it must increase, of course, 
proportionately as the object is brought nearer to 
the eye. By placing a suitable convex lens before 
the eye, the parallel rays are rendered so convergent 
that they are united upon the retina (r) without 
any effort of accommodation, and we thus place 
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the hypermetropic in the same condition as the 
normal eye, upon whose retina parallel rays are 
united without almost any effort of accommodation. 

It will be found that this condition generally 
depends upon a peculiar construction of the eye. 
The hypermetropic is smaller and flatter than the 
emmetropic eye, and although aU its dimensions 
are less than in the latter this is more particularly 
and markedly the case in the antero-posterior axis. 
The eye does not appear to fill out the palpebral 
aperture properly, but a little space may be ob- 
served between the outer danthus and the eyeball. 
Upon directing the eye to be turned very much 
inwards, it will also be seen that the posterior 
portion of the eyeball is flatter and more com- 
pressed than in the emmetropic eye. Bonders 
considers that the hypermetropic is generally an 
imperfectly developed eye, that the expansion of 
the retina is less, and that there is a smaller optic 
nerve with a less number of fibres. He thinks, 
moreover, that in hypermetropia there often exists 
a typical form of face, chiefly dependent upon the 
shallowness of the orbit, which lends a peculiar 
flatness to the physiognomy. The hypermetropic 
construction of the eyeball is congenital, and often 
hereditary. 

The ophthalmoscope also enables us to diagnose 
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a hypermetropic eye, but in this case just the 
reverse obtaiQS to what was seen in the myopic 
eye. (Page 54.) 

I. The ftindus may also in this case be seen in 
the erect image at a considerable distance, but we 
obtaiQ an erect image of it (and not as in myopia 
a reverse image), for if we regard the optic nerve, 
or one of the retinal vessels, and move our head to 
one side, we find that the image moves in the same 
direction. For an explanation of this let us glance 
at Fig. 12. 

FiQ. 12. 




Let a be the hypermetropic eye, b the eye of 
the observer ; a is adjusted for its far point (con- 
vergent rays), and the rays reflected from its back- 
ground win, consequently, emanate from it in a 
divergent direction, as if they came from a point 
behind the retina, and they must, therefore, also 
fall in a divergent direction upon the eye of the 
observer. If the latter is myopic (adjusted for 
divergent rays) the rays will be imited upon his 
retina without the aid of any correcting lens 
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behind the ophthalmoscope. But, if his eye is 
emmetropic (adjusted, \^hen in a state of rest, for 
parallel rays), he wiU either have to place a convex 
lens behind the mirror, or have to accommodate for 
a nearer point. The strongest convex lens with 
which the detaUs of the fundus can stiU be seen in 
the erect image, affords us a relative estimate of 
the degree of existing hypermetropia. 

The image of the observed eye wiU be erect, 
for c and d retain their relative positions. 

11. On going closer, but still examining in the 
erect image, the field of vision appears much en- 
larged, and the image removed fiirther from the 
eye, its size is considerably diminished, whereas 
the intensity of its light and colour is much 
increased. K the hypermetropia is high in degree, 
we can overlook at a glance not only the whole 
optic entrance, but also a considerable portion of 
the fundus around it. K our eye is emmetropic, we 
must, in order to gain a distinct image, either 
place a strong convex lens behind the mirror, or 
else we must accommodate for a nearer point. 

We must distinguish various forms of hyper- 
metropia, and in our classification of these we 
shall follow Bonders' system, which is the most 
practical 

We may, in the first place, divide hyper- 



154 HYPEBMETEOPIA. 

metropia into two primary classes, the original 
and the acquired. 

The latter is met with in old persons in whom 
the eye has undergone senile changes. When 
speaking of presbyopia, we saw that the near point 
begins to recede from the eye at about the tenth 
year, and that this recession continues uninter- 
ruptedly to advanced age. The ikr poiat remaios 
stationary till about the age of forty or forty-five, 
then it gradually recedes from the eye ; at the age 
of fifty-five or sixty, this is distinctly evident in 
the emmetropic eye, for it has then become hyper- 
metropic, and a convex glass is necessary for dis- 
tinct vision of distant objects. This, however, 
varies greatly in different individuals. At seventy 
or eighty years of age, the hypermetropia often 
equals ^. This recession of the far point — this 
diminution of the refractive power of the eye — ^is 
evidently due to senile changes in the structure 
of the lens, which, with advancing years, becomes 
firmer and more consistent, and its surface some- 
what flatter. 

Absence of the crystalliae lens will also, of 
course, give rise to very considerable acquired 
hypermetropia. 

Original* hypermetropia may be subdivided 
into manifest (Hm) and l^^tent (HI). 
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In order to determine the presence of hyper- 
metropia, we direct the patient to read No. XX at 
a distance of 20 feet, so that the rays may be 
considered as coming from an infinite distance, as 
they impinge in an almost parallel direction upon 
the eye. We then find the strongest convex ^lass 
with which he can still see clearly and distinctly, 
and this gives us the degree of manifest hyper- 
metropia. Let us suppose that convex 20 is the 
strongest glass with which he can read No. XX 
distinctly, his degree of hypermetropia will be 

= 2 0* 

Each eye should be tried separately, as the 
degree of hypermetropia may vary. The patient 
is next directed to read very small print with this 
glass, and if we find that he can read No. 1 clearly 
and distinctly as close as 5'' — &' from the eye, we 
know that his range of accommodation is also good. 
The position of the near point, and the extent of 
the range of accommodation, wiU, of course, vary 
with the age of the patient. 

If we, however, prescribed convex 20 for the 
patient, and told him that these spectacles would 
permanently free him from all annoyance in 
readiQg and writing, and that he would not after 
a time be obliged to change them for a stronger 
pair, we might commit a grave error, and subject 



156 HYPERMETROPIA, 

ourselves to the vexation of having him return to 
us in the coiuse of a few weeks or months, with 
the complaint that the glasses we chose for him 
did not suit ; that, although they enabled him to 
read or work for a longer time than before, he 
could not go on for any considerable length of time, 
without being again troubled by symptoms of 
asthenopia. 

f^^ow, into what error should we have fallen 
here? Simply into that of having given him 
spectacles which were too weak, which did not 
neutrahse his hypermetropia. 

The fact is that the patient has been so 
accustomed to exert his accommodation even when 
regarding distant objects (in doing which the 
normal eye has not to accommodate at aU), and 
that this exertion of the accommodation has 
become so habitual that he cannot relax it com- 
pletely, even when there is no occasion for it, when 
the malconstruction of his eye is compensated for 
by the use of a convex lens. With convex 20 he 
did not, therefore, accommckiate for his natural far 
point, but for a nearer point, as he could not relax 
his accommodation sufl&ciently. We have, conse- 
quently, arrived at too low an estimate of the 
degree of his hypermetropia. In order to find out 
its real amount, we must paralyse the power of 
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accommodation by the instillation of a strong 
solution of atropine. In order completely to 
paralyse the muscle of accommodation, a solution 
of 4 grains of atrop. sulph. to 1 ounce of water is 
necessary, and that it takes from about 2 to* S 
hours to act thoroughly. 

After the instillation of a strong solution of 
atropine, we, after the lapse of a couple of hours, 
again examine our patient. We now find that he 
cannot read No. XX (at 20 feet distance) at all 
without glasses. An emmetropic eye would be able 
to do so ; would, indeed, become but very slightly 
hypermetropic after atropine, requiring, perhaps, 
only convex glasses of 80 or 60 inches' focus to see 
more distinctly at a distance. In our patient, 
however, the difference in the degree of hyper- 
metropia, before and after atropine, is great. 
Whereas he could, before its application, see dis- 
tinctly at a distance with convex 20, he now 
requires convex 8. And we now see, from the 
difference of the strength of the glasses required 
before and after atropine, to what extent he stiU 
exerted his accommodation in looking at distant 
objects, before we had paralysed his power of 
accommodation by atropine. But only in yoimg 
persons, with a good range of accommodation, is 
the difference in the degree of hypermetropia. 



158 HYPERMETROPIA. 

before and after atropine, so great. In more 
advanced age, and in young persons with a smaller 
range of accommodation, the difference is much 
less. The atropine should only be applied to one 
eye at a time, otherwise we render the patient 
incapable of working for several days. After the 
effect of the atropine has gone off completely 
(which sometimes takes six or seven days), we 
apply it to the other eye. This precaution is 
the more necessary in the case of poor hospital 
patients, to whom the loss of a few days^ work is 
of consequence. 

Hypermetropia remaiQS very frequently un- 
noticed. If its degree is but slight, its presence 
does not make itself felt till the age of twenty-five 
or thirty, when symptoms of asthenopia begin to 
show themselves, if the patient is obHged to work 
for any length of time at near objects. Our 
suspicion is aroused by these symptoms, and on 
placing a convex glass before his eyes, we find that 
he can distinguish distant objects far better than 
without it. If the glasses be only momentarily 
held before the eyes, the existence of hyperme- 
tropia may escape us, for the patient has been so 
accustomed to exercise his power of accommodation, 
even for distant objects, that he cannot at once 
relax his accommodation. But if he contiaues to 
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look through the glasses for a few minutes, he 
gradually finds that the distant objects become 
more and more distinct, and clearly defined. In 
order to make sure to what degree the hyperme- 
tropia exists, and to what extent the person is 
obliged to exercise his accommodation in looking 
at distant objects, we must paralyse his power 
of accommodation by the instillation of a strong 
solution of atropine. 

This brings us to Bonders^ next division 
of manifest hypermetropia, into the facultative^ 
relative^ and absolute. 

In facultative hypermetropia, the patient is 
able to see weU (with parallel optic axes) at an 
infinite distance with or without the aid of convex 
glasses, and his sight is generally sufl&ciently acute 
to enable him to read small print and to work at 
fine objects. We often find that such persons, 
whilst young, complain of no fatigue during work, 
but that presbyopia sets in more early than in 
emmetropia, and then symptoms of asthenopia soon 
manifest themselves. We must distinguish this 
form of facultative hypermetropia from that which 
was formerly distinguished by that name by 
Donders. We namely sometimes meet with 
emmetropic eyes which not only see perfectly near 
at hand and at a distance, but which are capable 
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of relaxing their power of accommodation to such 
an extent, that they can imite convergent rays 
upon the retina, for they are able to see at a 
distance with slightly convex glasses. 

In relative hypermetropia, the eye may also be 
able to accommodate itself either for parallel or 
for divergent rays, and see well both at a distance 
and near at hand, but it can only do so by con- 
verging the optic axes for a nearer point than 
that at which the object is situated ; by acquiring, 
in fact, a periodic convergent squint. It is not 
of very frequent occurrence in childhood, but is 
more often met with after the age of puberty and 
in early manhood. The sight is always more or 
less affected, and the patient has a difficulty in 
finding the exact distance at which he can see 
best. 

In absolute hypermetropia vision is indistinct, 
both for infinite distance and for near objects ; for 
the patient cannot unite the rays upon the retina 
even with the strongest effort of accommodation 
or with the strongest convergence of the optic 
axes. The focus of both divergent and parallel 
rays remains situated behind the retina. It is 
not often met with in youthful individuals, as they 
generally possess a sufficiently strong power of 
accommodation to overcome it. In a superficial 
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examination, such a patient might be mistaken for 
a person suffering from myopia with amblyopia, 
for he will not be able to see distinctly at a dis- 
tance without glasses, which may be erroneously 
attributed to myopia, nor will he be able to read 
very fine print, and this may be supposed to be 
due to amblyopia. 

It is a curious fact, that when the hyperme- 
tropia is considerable, the patient can often read 
better when the print is only a short distance from 
the eye than when it is 10'' — 12'' off. Von Graefe 
thinks this is due partly to the diminution in the 
size of the pupil which takes place on looking at 
small objects, for the area of the pupil being 
smaller, some of the peripheral rays are cut off, 
and there is consequently a diminution in the 
circles of diffusion on the retina. He has also 
^hown that on approximating an object to the eye, 
the circles of diffiision on the retina in a hyper- 
metropic eye increase comparatively less in size 
than the size of the retinal images. In conse- 
quence of this, there is more chance of interspaces 
between the letters when the print is held at a 
distance of 5"— 6", than at 10"— 12". At the 
latter distance, there would not be so much 
difference between the size of the retinal images 
and the circles of diffiision, so that the letters 

M 



162 H YPERMKTROPI A. 

would appear more confiised and indistinct. But, 
besides these reasons, the greater amount of con- 
vergence, and consequent increase in the action 
of the power of accommodation, has most likely 
some influence in enabling the patient to see better 
at a distance of 5^' — &'. 

We have already seen that the near point 
recedes from the eye with advancing years, that 
at the age of forty-five it was about 9^' — 10^' from 
the eye, and we followed Donders in considering 
presbyopia to commence when the near point was 
removed further than 8" from the eye. A hyper- 
metropic eye may, therefore, at a certain age become 
presbyopic ; or again, an originally normal eye may 
become presbyopic at the age of forty-five, and 
hypermetropic at fifty or sixty, so that we may 
have presbyopia and hypermetropia co-existing in 
the same eye. If, with the glasses which neutra- 
lise his hypermetropia, a hypermetropic patient 
cannot read very small print nearer than 12"' — 14'' 
from the eye, he is also presbyopic. He may, there- 
fore, require a double set of glasses, one pair for 
distance and a stronger pair for reading. 

The range of accommodation of a hypermetropic 
eye is easily found. We must first change it into 
a normal eye by furnishing it with that convex 
glass which will enable it to see distant objects 
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distinctly without almost any exercise of the ac- 
commodation ; and then, still wearing this glass, 
find the nearest point at which it can read No. I 
distinctly and easily. If the patient requires for 
distant vision convex 20 before the instillation of 
atropine, and convex 10 after it, we should try 
his nearest point with a glass between the two — 
No. 16 for instance, for No. 10 would be too 
strong. He has been so accustomed to strain his 
accommodation that he cannot all at once really 
command his near point with convex 10. 

Let us now suppose that with convex 16 his 
near point (p) lies at ^" \ his far point (r) has been 
found to be at an infinite distance (oo ) ; for he can 
see distant objects well with convex 16 without 
much effort, although convex 20 is best. This 
range of accommodation (A) is to be foimd by the 

formula A = - — -. Now, p = 7^', r := oo , hence 

A = = — — = -. His range of accommodation 

— i 

— 7. 

I must again remark that this plan of finding 
the range of accommodation is not mathematically 
exact. It is, however, sufl&ciently accurate for all 
practical purposes. 

In high degrees of hypermetropia we almost 
always find that the acuteness of vision is more or 
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less diminished. According to Dondets this is 
partly due to the peculiar structure of the hyper- 
metropic eye. The retinal images are smaller than 
in the emmetropic eye, because the nodal point is 
situated closer to the retina, hence the sight is 
improved by convex glasses, which move the nodal 
point more forward. It may also be due to astig- 
matism and to the lesser number of nerve fibres 
of the optic nerve and retina. 

Hypermetropia is very frequently the cause of 
asthenopia. This affection has received a great 
variety of names — asthenopia, hebetude visus, im- 
paired vision, muscular amaurosis, &c. It is dis- 
tinguished by the foUowiag symptoms : The patient 
cannot continue to regard near objects for any 
length of time, as in reading, writing, &c., without 
the eyes becoming fatigued. The print becomes 
confused and indistinct, the letters riui into each 
other ; there is a feeling of tension and pain about 
the eye and over the eyebrow, which, if the work 
is persisted in, soon becomes more intense, and 
sometimes even assumes the character of headache, 
(which is often mistaken for nervous headache, or 
migraine) ; the eye at the same time perhaps 
becomes watery, red, and feels hot and uncom- 
fortable. Yet there is nothing in the appearance 
pf the eye to warrant this state of things. It 
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looks perfectly normal, the refracting media are 
clear, vision is good, the convergence of the optic 
axes perfect, the mobility of the eye unimpaired, 
Neither does the ophthahnoscope reveal anything 
abnormal, except perhaps a slight state of con- 
gestion and hypersemia of the retina and choroid. 
And yet the eye is perfectly useless for continued 
work at near objects, for reading, writing, sewing, 
engraving, &c. ; for symptoms of asthenopia soon 
show themselves, and the work has to be laid 
aside. Then these symptoms quickly vanish, and 
the occupation can be resumed until their re-appear- 
ance again necessitate an interval of rest, the 
longer this is, the longer will the person be able 
to re-continue his employment. 

AU ophthalmologists know from experience 
how wearisome such cases mostly prove in the 
treatment, and how vmsatisfactory thei result gene- 
rally is after the whole routine of remedies has 
been gone through. Purgatives, sedatives, tonics, 
coimter-irritants, alteratives, their name is legion ! 
But yet how futile do they not almost always 
prove in curing this affection. But why do they 
prove futile? Because in the great majority of 
cases the asthenopia is not dependent upon any 
overwork of the eyes, or upon general debility, 
but either upon hypermetropia or upon an iur 
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sufficiency of the internal recti muscles of the 
eye. 

It was, indeed, a great boon whai Donders 
discovered that most of these cases of asthenopia 
depended upon hypermetropia, and might, there- 
fore, he permanently cured by the proper use of 
convex glasses. Since he first called the attention 
of the Profession to this important fact, I have 
examined a great number of persons suffering from 
asthenopia, and have fouijd his statements, in all 
respects, completely verified. 

In these cases of asthenopia dependent upon 
hypermetropia we sometimes find, with the oph- 
thalmoscope, that the choroid and retina are some- 
what congested. And I have known patients in 
whom this was the case strongly advised to abstain 
from aU work, and particularly to avoid the use 
of spectacles. If there is much congestion, it 
would be as well to rest the eyes for a short time, 
to use the eye-douche, &c. ; but generally the con- 
gestion is but very sUght, and is to be removed 
and prevented by the use of convex glasses. The 
congestion is, in fact, owing to the overstraining 
of the accommodative apparatus, and will disap- 
pear as soon as the necessity for this over-exertion 
is removed by the neutralisation of the hyperme- 
tropia through convex glasses. 



HYPEBMETBOPIA. 167 

It has been thought that asthenopia might be 
cured by gradually accustoming the eye to weaker 
and weaker glasses, so as finally to render their 
use altogether superfluous. But the reader will 
now understand how just the contrary proceeding 
is necessary iq hypermetropia. If we wish per- 
manently to cure the patient, we must prevent 
aU undue straining of his accommodation, and this 
can only be done by the proper use of convex 
glasses. 

' I would particularly call the attention of the 
profession to the important fact that asthenopia is, 
in the great majority of cases, due to hyperme- 
tropia, and that these patients who, imder any 
other course of treatment haunt our out-patient 
rooms for months and years without rehef, may be 
speedily and permanently cured by the proper 
treatment of their hypermetropia. Let us but 
consider the crowd of sempstresses, watchmakers,^ 
engravers, &c., who are rendered incapable of fol- 
lowing their employment, whose fixture is starva- 
tion, if this fact is not attended ta 

It does not, however, foUow that aU cases of 
hypermetropia must of necessity be accompanied 
by symptoms of asthenopia. They may be absent 
if the power of accommodation is good, and the 
degree of hypermetropia but sUght. When it is 
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very considerable asthenopia is never absent. The 
existence of the hypermetropia may be overlooked 
if the glasses are only momentarily held before 
the eyes, as the patient cannot suddenly relax his 
accommodation sufficiently. We shoxdd, therefore, 
in such cases, always paralyse the power of accom- 
modation by the instillation of a strong solution 
of atropine, and then ascertain the degree of 
hypermetropia. 

This form of asthenopia, which is dependent 
upon fatigue of the muscular system of the accom- 
modation, may be termed accommodative asthe- 
nopia, in contradistinction to muscular^ which is 
due to insufficiency of the internal recti muscles,, 
and to the retinal asthenopia. 

Another form of accommodative asthenopia,, 
dependent upon debility and want of energy in 
the muscular apparatus of accommodation, such as 
is often met with after severe illnesses, diphtheria, 
&c., will be more fiilly treated of in the chapter 
upon Paralysis of Accommodation. 

Retinal asthenopia is distinguished by the 
absence of hypermetropia and insufficiency of the 
internal recti muscles, and by the presence of 
symptoms of irritation and hyperaesthesia of the 
retina. The patients complain that the eyes 
become painful, red, and watery on an attempt to 
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use them for near work, the acuteness of vision is, 
however, generally perfect, and the patients are not 
obliged to desist from work because the letters, 
&c., become indistinct, but from the pain and irrita- 
tion in the eye. Such symptoms may continue also 
long after the work has been laid aside. The feeling 
of tension above the eyebrows, wliich is so charac- 
teristic of the accommodative form, is absent, but 
there is oft^n considerable photophobia and chro- 
mopsia. In severe cases all these symptoms are 
aggravated and are more or less persistent, and 
the state of irritation and hyperaesthesia may 
extend from the eye to more distant branches of 
the fifth pair. With the ophthalmoscope, we gene- 
rally find hypersemia of the optic nerve and retina. 
The treatment consists chiefly in tonics, good 
diet, cold bathing, more particularly in the sea, 
and great attention to the general health, together 
with the use of the eye-douche blue glasses, and 
complete and prolonged rest of the eyes. Lower- 
ing treatment, irritation by continued blisters, &c., 
often greatly aggravate the affection. 

Let us now consider how we are to suit hyper- 
metropic persons with glasses. 

We should, in the first place, determine the 
degree of manifest hypermetropia, by finding the 
strongest glass with which the patient can read 
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No. XX at a distance of 20 feet, and then, if he 
can read No. I nearer than 8'' from the eye, we 
may exclude the presence of presbyopia. . But the 
glass which neutralises the manifest hyperme- 
tropia may not be sufficient to remove the symp- 
toms of asthenopia ; or if the patient is young, and 
we expect a considerable degree of latent hyper- 
metropia, and in such cases we must determine 
the exact degree of the latter by paralysing the 
ciUary muscle by a strong solution of atropine. 
We then often find a very considerable difference 
between the degree of manifest and latent hyper- 
metropia. 

If the patient comes from a distance, and we 
may be able to see him only once, or at very long 
intervals, I prefer always to use the atropine, for 
we then know exactly the state of refraction, 
and can calculate much more accurately what 
glasses will eventually be required. Moreover, 
the annoyance arising from the paralysis of the 
accommodation may now be greatly alleviated by 
the use of the solution of the extract of Calabar 
bean, also by the use of strong convex glasses for 
reading. 

In moderate degrees of hypermetropia, it may 
suffice to neutralise the Hm, exchanging the 
glasses for stronger ones at intervals of several 
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months or a year or two, according to the increase 
of Hm ; or it may be necessary to neutralise the 
whole of Hm and about ^ of HI. If the glasses 
should prove too strong at first, which will be 
known by the patient complaining of a peculiar 
feeling of straining and fatigue arisiag during 
their use, they must be exchanged for weaker 
ones, and the strength gradually increased. 

With regard to wearing spectacles for distance, 
it may be laid down as a rule, that they will be 
always required in relative and absolute hyperme- 
tropia, as we find that in such cases vision of dis- 
tant objects is not distinct. The glasses required 
for distance will generally suffice for near objects, 
and the patients should, therefore, always wear 
them. It will be often necessary to conunence with 
weaker glasses, and gradually pass on to the use 
of those really required. If presbyopia co-exists, 
two pair of glasses may be necessary — ^a weaker 
pair for distance, and a stronger pair for near 
objects. 

With respect to facultative hypermetropia, it 
is different. Such a person will generally be able 
to see well at a distance without glasses, and the 
disadvantage of allowing them these for distance 
is, that this power will be graduaUy lost, which 
would often prove very inconvenient. 
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If the above rules are attended to, the asthe- 
nopia dependent upon hypermetropia wiU always 
yield. 

Donders has shown that convergent strabismus 
very frequently depends upon hypermetropia. A 
person suffering from the latter is always obliged 
to accommodate more or less, in order to see with 
distinctness. Even at a distance, he must already 
accommodate, in order to neutralise the hyper- 
metropia, and the nearer the object is approxi- 
mated, the more will this tension of the accommo- 
dation increase. There exists, however, a certain 
relation between the accommodation and conver- 
gence of the optic axes, for with an increase of 
the latter there is also an increase in the power of 
accommodation. This assertion is proved by the 
fact, that if we place a prism with its base turned 
outward before a hypermetropic eye, the latter 
will squint inwards, in order to avoid diplopia in 
looking at distant objects, and this convergence 
will enable the eye to accommodate for parallel 
rays (distant objects), whereas with parallel optic 
axes, it before required convergent rays, i.e., the 
rays from a distant object had to be rendered 
convergent, by means of a convex glass, in order 
to be brought to a focus upon the retina. Again, 
if we place a concave glass before a normal eye. 
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we change it into a hypermetropic one ; parallel 
rays are united behind the retina, and it either 
requires an eflfort of accommodation, or a convex 
glass to bring them to a focus on the retina. If 
the concave glass is but of slight power, an in- 
creased effort af accommodation, — an increase in the 
convexity of the crystalline lens, — will neutralise 
the effect of the concave lens and overcome this 
artificial hypermetropia. But if the concave glass 
is too strong for this, the eye often overconxes its 
effect by squinting inwards, and thus increasing 
its power of accommodation. Now the same thing 
often occurs in hypermetropia; the eye squints 
inwards in order to increase its power of accom- 
modation. This has been called periodic squinting. 
In the beginning, no deviation of the optic axis is 
observable as long as the person is not looking 
sharply at anything; but as soon as he looks 
intently at any object, near or distant, convergent 
squint shows itself. Sometimes this only occurs 
when the eye is looking at near objects, tlie squint 
disappearing as soon as the eye regards distant 
objects. After a time the squint becomes per- 
manent, particularly in those persons who work at 
near objects, whether ia reading, writing, or sew- 
ing. We meet with it very frequently in children 
about the third or fourth year, when they first 
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look attentively at things, or begin to use their 
eyes for any length of time for near objects. 
When this tendency to squint first shows itself, it 
may be corrected by neutralising the hyperme- 
tropia by means of convex glasses, but will gene- 
rally require an operation. 

Since Bonders first pointed out the connexion 
between hypermetropia and convergent strabis- 
mus, I have made a point of examining a great 
many cases of squint, and have found that hyper- 
metropia was present in the great majority of 
convergent squints. The degree of hypermetropia 
is generally not very great, varyuig from 45 to j^ 
or 1^2. 

There are, of course, other causes of convergent 
squint, such as myopia, paralysis of the antagonist 
muscle, opacities of the dioptric media, &c. ; but I 
reiterate, that of all these causes, hypermetropia is 
the most frequent. 

I have stated that, in childhood, this form of 
squint often arises, that in order to correct the 
hypermetropia by a stronger action of its power of 
accommodation, the child involuntarily, imwittingly, 
squints inwards when it wants to see any object 
distinctly. This squint soon becomes permanent, 
the image of the squinting eye is suppressed (in 
order to avoid diplopia), and its vision is very 
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frequently soon irremediably destroyed, if a timely 
squint operation be not performed. Yet there is 
amongst some ophthalmologists a strong opinion 
that a squint should not be operated upon in 
childhood. But how erroneous is this advice, how 
many eyes have not been sacrificed through fol- 
lowing it ! 

If, for instance, a child suflfers from hyperme- 
tropia, and squints inwards in order to increase 
its power of accommodation, this squint will soon 
become permanent. To avoid diplopia, the image 
of the squinting eye is suppressed by the brain ; 
but this negation of the pseudo-image soon leads 
to deterioration of sight, and the vision of the 
sqiiinting eye is gradually greatly impaired, 
or even sometimes almost completely destroyed. 
Hence the necessity of operating on a squint as 
early as possible, whilst the sight is yet good. I 
have not the slightest hesitation in saying, that 
the sight of the squinting eye would thus be 
saved in the greater number of (if not, indeed, in 
all) such cases. In some of these cases of ambly- 
opia from disease, the sight of the amblyopic eye 
may be greatly improved by exercising it with 
strong convex lenses. 

We must always warn the patient and his 
friends after the squint operation in eyes suffering 
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from hypennetropia, that if the latter is not treated 
by the use of convex glasses, the squint may return. 
But there may be in hypennetropia an apparent 
squint, the direction of which is not, however, 
inwards, but outwards. There is an imdoubted 
well-marked, outward deviation of the optic axes, 
and yet both eyes are steadily fixed upon the 
object, neither moving in the sUghtest degree 
when the other is closed. The squint is, therefore, 
not real, but only apparent. Bonders has lately 
called particular attention to this fact, and fur- 
nished us with the explanation. It has been 
shown by Helmholtz that the optic axis and the 
visual line (an imaginary Une drawn from the 
yellow spot to the object point) do not correspond, 
but that the latter impinges upon the cornea 
slightly to the inner side of the axis of the cornea, 
forming with it an angle of about 5°. It will, 
therefore, be evident that, if the optic lines are 
parallel, the optic axes must necessarily be slightly 
divergent, and such is in fact the case in the 
normal eye, but this divergence is so extremely 
small, and we are so accustomed to it, that it 
escapes observation. But, in some cases, the 
visual line may change its position with regard 
to the optic axis, and, if this deviation be at all 
considerable, an apparent squint will arise. In 
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hypermetropic eyes the visual line always cuts the 
cornea to the inner side of its axis, forming with 
it, according to Bonders, an angle of not less than 
T 55. He has foimd that the maximum may 
even be an angle of 11** 3, instead of one of 5°. If 
such eyes look at a distant object, they will appear 
to be affected with a divergent squint ; for, whilst 
the optic lines are fixed upon it, the optic axes 
will diverge from the object. In myopia the 
reverse obtains, for there the visual line, instead of 
lying to the inner side of the optic axis, may 
correspond to the latter, or even lie somewhat to 
the outer side of it ; and in the latter case, there 
will consequently be an apparent convergent squint, 
for whilst the visual lines meet in the object point, 
the optic axes must necessarily cross on this side 
of it. 
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CHAPTER VIIL 

ASTIGMATISM. 

We have seen that the anomalies of refraction 
resolve themselves into two, viz., myopia and hyper- 
metropia. In the emmetropic eye parallel rays are 
brought to a focus exactly upon the retina, when 
the eye is in a state of rest ; in myopia they are 
united before the retina, so that concave lenses are 
required to give them the proper degree of diver- 
gence ; in hypermetropia, on the contrary, they are 
united behind the retina, and- convex lenses are 
necessary in order to aflford them the requisite de- 
gree of convergence. But we find that the state of 
refraction may even vary in the difierent meridians 
of the same eye ; thus, in the vertical meridian it 
may be normal, but in the horizontal, myopic or 
hypermetropic; or differences in the degree and 
even in the form of ametropia may exist in the 
various meridians. The eye may be slightly hyper- 
metropic or myopic in the one meridian, and con- 
siderably so in the other, or it may be myopic in 
the one meridian and hypermetropic in the other. 
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This asymetry has been termed astigmatism 
(a, privative, and anyfia, a point), which signifies 
that rays emanating from one point are not re- 
united into one point. This peculiar defect* was 
first observed by Thomas Yoimg (1 793), who con- 
sidered it due to some inequality in the structure 
of the lens. Wharton Jones, on the other hand, 
thought that it was caused by some peculiarity in 
the curvature of the cornea. This subject did not, 
however, assume its proper importance until the 
profound scientific researches of Bonders showed 
that this asymetry was not, as formerly, to be 
looked upon as an interesting phenomenon of rare 
occurrence, but that it was frequently met with, 
and that many cases of congenital amblyopia, 
which were befoife deemed incurable, were de- 
pendent upon it, and could be alleviated or cured 
by the use of the proper cylindrical glasses. 

It was also shown that even in the normal eye 
the cornea does not refiuct equally in all its meri- 
dians, 'for the focal distance of the dioptric system 
is generally shorter in the vertical meridian than 
in the horizontal, and the power of refraction dif- 
fers, therefore, in the different meridians. We may 

* For a most interesting historical account of this subject, 
see Donders' " Anomalies of Refraction and Accommodation," 
p. 639. 

N 2 
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easily assure ourselves of the correctness of this 
statement, hy ascertaining up to what distance we 
can see clearly and distinctly fine horizontal and 
vertical black lines. If we use for this experiment 
the horizontal and vertical lines drawn upon the 
opposite page, or employ Von Graefe's ficne wire 
optometer, it will be foimd that the vertical stripes 
can be clearly seen up to a further distance than 
the horizontal, and that the near point also hes 
nearer for the horizontal than for the vertical lines. 
If the stripes or lines are arranged crosswise, we 
are unable to distinguish both the horizontal and 
vertical lines with equal clearness and distinctness 
at one and the same distance ; thus, if we can see 
the vertical line clearly and sharply defined, we 
must approach the horizontal line nearer to the 
eye, in order to gain an equally distinct image of it, 
and vice versd. These facts prove that the vertical 
meridian has a shorter focal distance than the 
horizontal, and for this reason horizontal lines are 
seen distinctly at a shorter distance than vertical 
ones. For as the rays which are refi'acted in the 
vertical meridian are united in a point sooner than 
those in the horizontal plane, these latter give rise 
to circles of diffiision upon the retina in the form 
of small horizontal lines which do not confiise the 
images of horizontal lines, but interfere with those 
of vertical lines. 
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That the curvature of the cornea is generally 
greater m the vertical meridian than in the hori- 
zontal, has also been sufl&ciently proved by most 
accurate and careful ophthalmometric measure- 
ments. 

This form of aberration, which is due to a 
difference in the focal distance of the two principal 
meridians, is termed regular astigmatism, and 
depends upon the curvatiure of the cornea. 

The aberration which is due to a difference 
in the refraction in one and the same meridian is 
called irregular astigmatism; it is caused by a 
peculiarity in the structure of the lens, and cannot 
be corrected by cylindrical lenses. Bonders has 
found that it often gives rise to monocular poly- 
opia. But cases are sometimes observed in which 
regular and irregular astigmatism co-exist, and in 
such the correction by cylindrical glasses is only 
partial. 

The degree of regular astigmatism which is 
met with in normal eyes, is generally so shght that 
it does not give rise to any diminution of the 
acuteness of vision. On testing the sight, it is 
found that the different numbers of Snellen's types 
can be clearly and distinctly read at the corre- 
sponding distances ; but when the degree of astig- 
matism becomes more considerable, the acuteness 
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of vision always suffers more or less, and as soon 
as it becomes at all impaired we can no longer 
consider the astigmatism as normal in degree. 

This amblyopia is due to the circles of diffiision 
which are formed upon the retina, and which cross 
and overlap each other ; the greater the difference 
in the refraction of the principal meridians of ths 
eye, the more considerable will be these circles of 
diffiision, and the consequent indistinctness of 
vision. If the astigmatism is at all high in degree, 
the diminution in the acuteness of vision is very 
evident both for near and distant objects. We 
find, moreover, if the eye is either myopic or 
hypermetropic, that we cannot make an exact and 
definite choice of a spherical lens, for there is a 
considerable range of lenses which render some, 
although no very decided, improvement; nor can 
we, by means of any spherical lens alone, raise the 
acuteness of vision to the normal standard. 

The diagnosis of astigmatism may be made 
without much difficulty. 

In the first place, the acuteness of vision should 
be tested with SneUen^s types in the manner de- 
scribed at page 33. In all but the slightest cases 
it is always more or less impaired. We should in 
the next place determine the direction of the prin- 
cipal meridians, which is best done by means of a 
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small, distant point of light (from about 2 — 4 mille- 
metres in diameter, and seen through a small 
opening in a large black screen). The patient 
being placed at a distance of 12 — 16 feet from this 
point of light, is directed to look fixedly at it ; 
slightly concave and convex glasses are then to be 
alternately placed before the eyes, by which means 
we change the eye into a myopic or hypermetropic 
one, and alternately bring the anterior or posterior 
diifusion Une upon the retina ; the direction of this 
line will, of course, depend upon the direction of the 
principal meridian. The extension of the diffusion 
image in two opposite directions is very marked in 
the astigmatic eye. 

We may thus also ascertain the direction of 
the maximum and minimum degree of curvature. 
Sometimes, however, it is extremely difficult to 
obtain accurate and satisfactory results by this 
mode of examination, more particularly if the 
patients are unintelligent. In such cases, it is, 
therefore, better simply to examine in which 
position of the neutralising cylindrical lens the 
patient sees the most distinctly. 

We must in the next place determine the state 
of refraction in each of the principal meridians. 
In order to do so, we must ascertain whether the 
acuteness of vision for distant objects (Snellen's 
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tj^es, the optometer, &c.) is increased, when the 
sUt of the stenopaic apparatus is turned in the 
direction of each of the principal meridians. If 
this is not the case, we must find the weakest con- 
cave or strongest convex lens which, placed in the 
stenopaic apparatus, most improves the sight, and 
this will indicate the degree of myopia or hyper- 
metropia. This experiment is to be tried in both 
the principal meridians, and the difference of re- 
fraction in the two meridians ftimishes us with 
the degree of astigmatism. If hjrpermetropia 
exists, it will be readily understood that tension of 
the accommodation during these experiments, may 
conceal a considerable portion of the hyperme- 
tropia, and may thus mislead us as to its actual 
degree. It is therefore, better, more particularly 
in young persons, to paralyse the accommodation 
by atropine, and then again to examine the degree 
of hypermetropia in each principal meridian. If 
the degree of manifest hypermetropia be but 
slight, it will not be necessary to use atropine ; 
indeed, we must be guided in these cases by the 
same rules as were laid down in the common form 
of myopia and hypermetropia. 

The above-mentioned stenopaic apparatus con- 
sists of a small cylinder, open at one end, so as to 
fit closely to the eye, the other end being fiimished 
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with a small sKt which can be readily narrowed 
or widened. The box of the cylinder should be 
made to unscrew, in order that a convex or con- 
cave lens may be placed in it. The slit should be 
set to a width of from 1^ to 2 millemetres. 

The following will also be foimd a very prac- 
tical method of readily ascertaining whether the 
degree of regular astigmatism is to be corrected by 
cylindrical lenses. The patient being directed to 
look at a distant object (Snellen's types, etc), 
the weakest concave or strongest convex lens is 
found with which the greatest acuteness of vision 
is obtained. A weak concave cylindrical lens (of 
20 or 30 inches focus) is then to be gradually 
turned round before the eye, until the position of 
the axis is found in which the patient sees best. 
This having been accurately determined, we next 
proceed to test the state of refraction in each of 
the principal meridians by means of the stenopaic 
slit, in the maimer above directed. Von Graefe's 
new and ingenious optometer ^^ will be found ex- 
tremely useful for determining in this maimer the 
presence and degree of astigmatism. 

Bonders has established the existence of three, 
forms of astigmatism. 

* This instrument may be obtained of Messrs. Murray 
and Heath, Opticians, Piccadilly. 
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I. Simple astigmatism. 

II. Compound astigmatism. 

III. Mixed astigmatism. 

I. Simple ABtigmatism. — The state of refrac- 
tion of the one principal meridian is emmetropic, 
whereas that of the other is either myopic or 
hypermetropic. If we in such a case turn the slit 
of the stenopaic apparatus in the direction of the 
normal meridian, the acuteness of vision will be 
perfect, whereas a certain concave or convex sphe- 
rical lens will be required if the slit is turned 
in the direction of the other meridian. 

Simple astigmatism is divided into : 

1. Simple Myopic Astigmatism (Am), in which 
myopia exists in the one principal meridian, and 
emmetropia in the other. 

2. Simple Hypermetropic Astigmatism (Ah). — 
In this there is hypermetropia in the one principal 
meridian, and emmetropia in the other. 

II. Compound Astigmatism. — In this form, 
myopia or hypermetropia exists in both principal 
meridians, but it varies in degree. If the steno- 
paic sUt be used in such cases, it will be found 
that a different concave or convex lens will be 
required in each of the principal meridians, in order 
to render the acuteness of vision normal. 
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We must here also distinguish two forms : 

1. Compou7id Myopic Astigmatism (M + Am). 
— Myopia exists in both principal meridians. 

2. Compound Hypermetropic Astigmatism 
(H + Ah). — Hypermetropia exists in both prin- 
cipal meridians. 

III. Mixed Astigmatism. — This is a rare form, 
in which the one principal meridian is myopic, the 
other hypermetropic. 

We must here also distinguish : 

1. Mixed astigmatism, with predominant 
myopia (Amh). 

2. Mixed astigmatism, with p^^edominant hy- 
permetropia (Ahm). 

Schweigger has lately called particular attention 
to the fact, that the ophthalmoscope abo furnishes 
us with a valuable and ready diagnostic symptom 
of regular astigmatism. On examining in the 
direct method an eye affected with astigmatism, it 
will be found that the optic disc, instead of being 
round, appears elongated in one direction, and that 
the latter corresponds exactly to the meridian of 
greatest curvature. For as the focal distance is 
shorter in this meridian than in the other, the 
image must also be more magnified in this direc- 
tion. If we now examine the same eye in the 
inverted image, the optic disc will appear elongated 
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in the opposite direction; thus, if in the erect 
image the disc appears oval in the vertical direc- 
tion, in the inverted it will appear oval in the 
horizontal direction, and this at once proves the 
existence of regular astigmatism, and shows also 
that the vertical meridian is of greater curvature, 
and, consequently, has a less focal distance than the 
horizontal The comparative examination in the 
erect and inverted image therefore furnishes us 
with a most valuable aid to diagnosis, which will 
often spare us the necessity of a long and intricate 
subjective examination. 

In examining in the erect image an eye 
affected with hypermetropic astigmatism, it wiU 
be found that in order to see with equal distinct- 
ness the vessels running in different directions, 
the state of accommodation of the observer's eye 
has to undergo a change. 

Mr. Bowman " has been sometimes led to the 
discovery of regular astigmatism of the cornea, 
and the direction of the chief meridians by using 
the mirror of the ophthalmoscope much in the 
same way as for slight degrees of conical cornea. 
The observation is more easy if the optic disc is in 
the line of sight and the pupil large. The mirror 
is to be held at two feet distance, and its inclina- 
tion rapidly varied, so as to throw the light on the 
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eye at small angles to the perpendicular, and -from 
opposite sides in succession, in successive meri- 
dians. The area of the pupil then exhibits a 
somewhat linear shadow in some meridians rather 
than in others/'^ 

Astigmatism is generally congenital and ojften 
hereditary; it may, however, also be acquired. 
The congenital astigmatism is mostly regular and 
dependent upon asymetry of the cornea. In the 
majority of cases it is present in both eyes, 
although perhaps in varying degree. Bonders has 
foimd that abnormal astigmatism occurs far more 
frequently in hypermetropic eyes than others ; 
indeed, he even thinks that out of six hyperme- 
tropic eyes one suffers from abnormal astigmatism. 
The amblyopia, which often exists in hyperme- 
tropia, and which cannot be remedied by spherical 
convex lenses, is mostly due to astigmatism. We 
often find that persons unconsciously correct a cer- 
tain amoimt of astigmatism by holding their head 
on one side, and thus looking slantingly through 
their spectacles. 

Acquired astigmatism is mostly caused by in- 
flammatory changes in the cornea, which lead to 
consecutive flattening of the cornea, and leave 
behind them opacities, and cicatrices ; it may also 
* Ponders, p. 490. 



ASTIGMATISM. 191 

be caused by irregularity in the apposition of liie 
edges of the incision after the operation of extrac- 
tion of cataract. We occasionally find that if 
iridectomy, or iriddesis, is performed in cases of 
opacity of the cornea, a considerable degree of 
amblyopia persists after the operation, although 
the pupil is now brought opposite to a transparent 
portion of the cornea. On examination, we then 
find that in many of these cases this weakness of 
sight is due to astigmatism, and that vision is 
greatly improved by a cylindrical lens. 

Acquired astigmatism may also be caused by 
dislocation of the crystalline lens, more particu- 
larly if it is obliquely displaced in the area of the 
pupiL 

Regular astigmatism may be remedied by the 
use of cylindrical lenses, which enable us to correct 
the anomaly of refraction in each of the principal 
meridians. ' 

A cylindrical lens is the segment of a cylinder, 
and refracts those rays of light the strongest 
which strike it in a plane at right angles to the 
axis of cylindrical curvature ; whereas the rays 
which pass through its axis suffer no deviation at 
aU. In this, therefore, the cylindrical lens differs 
from the spherical, which refracts the rays in all 
planes of the segment. 
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. Now, if in a case of simple astigmatism the 
one principal meridian is normal, so that rays 
passing through it are united exactly upon the 
retina, and the other principal meridian is myopic 
or hypermetropic, and the rays passing through it 
are brought to a focus before or behind the retina, 
we should correct this anomaly of refraction by 
means of a cylindrical lens whose axis corresponds 
to the normal meridian. The eflfect of this would 
be that the rays which pass through its axis would 
undergo no refraction, whereas those that pass in 
a plane at right angles to the axis would undergo 
the necessary refraction, and thus neutralise the 
anomaly which obtains in this meridian. 

I wiU now illustrate the choice of cylindrical 
lenses by some examples. 

I. Simple Astigmatism. — ^The state of refrac- 
tion of the one principal meridian is emmetropic, 
whereas that of the other is eithet myopic or 
hypermetropic. 

1. Simple Myopic Astigmatism (Am). — Let 
us suppose that there is emmetropia in the prin- 
cipal horizontal meridian (the far point lying at an 
infinite distance, i.e., R = oo ), but that in the prin- 
cipal vertical meridian there is myopia = ^, then 
there is 

A ^ ^ 1 
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In order to correct this, a concave cylindrical 
lens of 8 inches focus will be required, its axis 
corresponding to the horizontal meridian, &o that 
the rays of light may here pass without under- 
going any refraction, and only those which pass at 
s. right angle to the axis (vertically) be refiucted 
so as to neutralise the myopia which exists in the 
principal vertical meridian. To be quite accurate 
the lens should be slightly stronger {7^ inches 
focus), for ^ an inch should be deducted from the 
strength of the concave lens on accoimt of the 
distance of the latter from the nodal point In 
hypermetropia, on the other hand, this distance 
of about ^ an inch must be added to the number 
of the convex lens). In slight degrees of myopia 
or hypermetropia (below j^ or ^) we may, how- 
ever, omit this distance in the calculation. 

2. Simple Hypermetropic Astigmatism (Ah), — 
In the horizontal meridian let there be hyperme- 
tropia = j^. In the vertical emmetropia, 

1 1 1 
then Ah = j5 - - = j^, 

and the patient will require a convex cylindrical 
lens of 10 inches focus with its axis placed verti- 
cally. 

II. Compound Astigw/xtism. — In this form, it 
will be remembered, myopia or hypermetropia 
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exists in both the principal meridians, but it varies 
in degree. 

It will be found very much to facilitate the 
understanding of these cases of compound astigma- 
tism, if we consider the eye to be affected with 
simple myopia or hypermetropia, but that there 
exists besides, a maximum degree of this 
anomaly of refraction in one of the principal 
meridians. We have, therefore, a certain degree 
of myopia or hypermetropia common to the whole 
eye, besides a certain, special degree in one of the 
principal meridians. 

1. Compound Myopic Astigrriatism {yL-^- Am). — 
Myopia exists in both meridians, but to a higher 
degree in the one than in the other. 

In the principal vertical meridian let M = i^. 

In the principal horizontal meridian let M = ^, 
we then have myopia = ^, 

111 

and Am = j5""35 = 3Qto^ wntten as 

M = 3^ + Amg^. 

In such a case a spherico-cylindrical lens is 
required, the one surface of which has a spherical, 
the other a cylindrical curvature, and its action is 
that of a piano-cylindrical lens combined with a 
piano-spherical lens, and it may be expressed by 
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the formula for each of the refracting surfaces, 
united by a sign of combination. 

The case which we have supposed would th^e- 

fore be corrected l>y - §5 « C — 30 ^* 

For the spherical and cylindrical surface would 
require to have a negative focal distance of 30'', 
and the axis of the cylindrical surface would have 
to be placed horizontally. 

2. Compound hypermetropic astigmatism 
(H+Ah). Hypermetropia exists in both principal 
meridians, but more in the one than in the othen 

In the vertical meridian let H = i\^ 

In the hoiizontal meridian let H ^ ^. 

We have then H = j^, 

J ..111 

and moreover -A.h = j^ — j^ = 5^, 



and we write 



Hr8 + ^36- 



Hence a positive spherico-cylindrical lens will 
be required, and it will be corrected by 
J. ^ J. 
18 ® ^ 86 ^ 

The axis of the cylindrical surfa<5e being placed 
vertically. 

III. Mixed astigmatism. In this form, in which 
myopia exists in the one principal meridian, and 

o 2 
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hypermetropia in the other, we must make use of 
bi-cylindrical glasses. These consist of two cylin- 
drical surfaces of curvature, the axes of whicK are 
perpendicular to one another; the one surface is 
concave, the other convex. In consequence of this, 
the effect of such lenses is to render parallel iaci- 
dent rays divergent in the plane of one axis, and 
convergent in that of the other. The axis of the 
concave surface must be placed iq the direction of 
the hypermetropic meridian, and the axis of the 
convex surface in the direction of the myopic meri- 
dian. Their action may be expressed by the for- 
mula for each of the two planes, united by a sign 
of a right angle P. 

1. Mixed astigmatism, with predominant myo- 
pia (Amh). 

In the vertical meridian let M = ^q. 
In the horizontal meridian let H = ^q. 

Therefore Amh = M^+H~=~ 
and is corrected by 

1 r- 1 

20^1 "~10^- 

The axis of the convex surface to be placed 
vertically, that of the concave horizontally. 

2, Mixed astigmatism, mth predominant hyper- 
metropia (Ahm), 
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In the vertical meridian let M = ^. 
In the horizontal meridian let H = j^. 

Therefore Ahm = H j^ + M^ = ^ 



and is corrected by 



1 r- 1 

12 ^ I " U 



18^- 



The axis of convex surface to be placed ver- 
tically, that of the concave surface horizontally. 

These examples illustrate the method to be 
adopted in finding glasses to correct the astigma- 
tism and the ametropia. But in many cases it 
is not advisable completely to neutralise the 
anomaly of refraction, both on account of the 
difference in the size of the retinal images which 
will occur if the lenses are strong, and also on 
account of the disturbance (Stoning) in the com- 
bined action of the ciliary muscle and the internal 
recti muscles. It is often desirable that the astig- 
matism should be wholly corrected, but that only 
a certain portion of the myopia or hypermetropia 
should be neutralised. 

It is of great consequence that the axes of the 
surfaces of curvature of the cylindrical glasses 
should be situated in the principal meridians of 
the eye, for even a very slight deviation will give 
rise to considerable indistinctness of vision. In 
order to insure the exact adaptation of the glasses 
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to the eye, the lenses should be set in roimd frames, 
which permit of their being readily moved in any 
direction ; when the proper position of the axi& 
is founds the screw should be tightened, and the 
lens thus fastened in the desired position. The 
clumsy and awkward appearance of the circular 
frames may be greatly diminished by making 
them of a small diameter, or by having the 
glasses ground into oval ones, and then re-set into 
oval frames. 

My space has only permitted me to give, in a 
very concise manner, the leading points in the 
diagnosis and treatment of astigmatism. For a 
more complete account I must refer the reader to 
Professor Bonders' admirable treatise on this 
affection in his " Anomalies of Refraction and 
Accommodation.** 
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CHAPTEE IX. 

PARALYSIS, SPASM, AND ATONY OF THE dLIABY 
MUSCLE, ETC. 

Considerable diminution, or even complete loss 
of the power of accommodation is occasionally met 
witL We have seen that the range of accom- 
modation is often greatly diminished in presbyopia, 
for the near point may have receded to 16'' — 18'' 
from the eye, so that the range of accommodation 
is reduced to ^ or j^, instead of being as in the 
normal eye, = :J or |^, The range of accommoda- 
tion is also frequently considerably diminished in 
persons who are very short-sighted, and who have 
worked much at near objects, so that the ciliary 
muscle has lost some of its elasticity and become 
somewhat rigid. 

Diminution or loss of the power of accommo- 
dation^ is often due to paralysis, spasm, or atony 
of the ciliary muscle. 

The fact that we frequently meet with loss of 
accommodative power, together with a general or 
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paxtial paralysis of the third nerve, is of great 
interest, for it tends to prove that the ciliary 
muscle is most likely supplied by a branch of the 
third ; this view is now generally accepted, and it 
is thought that the loss of accommodation is, in 
such cases, due to a paralysis of the branch sup- 
plying the ciliary muscle, therefore to a direct 
paralysis of the muscle itself 

The frequency of loss or diminution of the 
power of accommodation co-existing with dilatation 
of the pupil, due to the paralysis of the pupillary 
branch of the third nerve, is of importance in the 
consideration of the mechanism of accommodation. 
As long as ophthalmologists, agreeing with Cra- 
mer's theory, considered the iris to play a principal 
part in the production of the necessary convexity 
of the lens during adjustment for near objects, it 
was supposed that the dilatation of the pupil was 
the cause of the loss of accommodation. It was 
thought that the anterior surface of the lens was 
rendered more convex by pressure of the radial 
fibres of the iris upon the periphery of the lens. 
But in order that the iris may exert such pressure, 
anterior and posterior fixed points are necessary. 
The contracted sphincter pupillse (the pupil is, as 
we have seen, contracted during accommodation 
for near objects) is the anterior fixed point, the 
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ciliary muscle, which also contracts, the posterior. 
Now, when the pupillary branch of the third is 
paralysed, dilatation of the pupil ensues, the an- 
terior fixed point is lost, the radial fibres can no 
longer exert a sufficient pressure upon the peri- 
phery of the lens, and hence, it was argued, arose 
the loss of accommodation in such cases. 

But that the loss of accommodative power does 
not depend upon the dilatation of the pupil, and 
the consequent inefficient, action of the iris, is 
proved by the following facts : — 

1. The accommodation may be paralysed with- 
out any dilatation of the pupiL 

2. The pupil may be dilated, from paralysis of 
the pupillary branch of the third, without the 
accommodation being affected. 

3. We sometimes find that after the pupil has 
regained its contractility (after paralysis of the 
nerve to the constrictor pupillae), the power of 
accommodation remains yet for some time im- 
paired. 

4. With a weak solution of atropine (1 part to 
2000 parts of water) we may dilate the pupil 
ftdly without completely paralysing the muscle of 
accommodation ; a solution of 1 : 9600 produces 
dilatation in about an hour ; in 1^ hour the pupil 
is perfectly dilated, and the power of accommo- 
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dation but very little affected (De Kuyper). In 
order completely to paralyse the power of aocom- 
•modation, a very strong solution (1 : 120) is 
required, and this takes about 3 hours to act 
thoroughly. 

5. That the iris is not of any particular im- 
portance in bringing about the accommodative 
changes of form in the lens, is thoroughly proved 
by Von Graefe's interesting case of total absence 
of the iris, in which the power of accoromodation 
was normal. 

We must, therefore, look upon the ciliary 
muscle as the principal, if not the sole, factor in 
producing the necessary changes in the form of 
the lens during accommodation. 

Occasionally the branch to the ciliary muscle is 
alone paralysed, all the other branches of the third 
being intact.. The isolated paralysis of the branch 
to the ciliary muscle sometimes co-exists with 
paralysis of other nerves, particularly of branches 
of the facial nerve. Paralysis of the cOiary muscle 
is at times due to cerebral causes ; indeed, my- 
driasis, with loss of accommodation, is not an 
imfrequent precursor of cerebral affections. It 
may also be caused by syphilis, rheumatism, low 
debilitating fevers, and diphtheria. 

Diminution or loss of accommodation is occa- 
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sionally met with after severe illnesses, the whole 
muscular system being greatly debilitated; it is 
then sometimes mistaken for amblyopia or weak- 
ness of sight, dependent upon general debility. 
Paralysis of the accommodation is also often met 
with after diphtheria ; here, however, it appears to 
be less due to general constitutional weakness than 
some special process, the exact nature of which is 
yet undetermined. 

The symptoms of paralysis of the accommo- 
dation are very marked in emmetropic eyes. The 
patients find that they cannot accurately distin- 
guish near objects, so that they are perfectly 
imable to read, write, or sew ; but at a distance 
they can see quite distinctly. The far point has 
undergone no change of position, but the near 
point has receded far from the eye. If we test 
their sight with a convex lens of 6'' focus, we 
perhaps find that the near point has receded to 
5 — 5^'' from the eye, and that the far point lies at 
6'' (the focal distance of the lens), hence that the 
power of accommodation is almost entirely lost. 
The position of the near point varies, of course, 
with the degree of the paralysis, if this be but 
slight (paresis), the near point may be but little 
removed from the eye, and the disturbance of 
vision be but slight. 
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The sight is far less impaired in short-sighted 
persons, for if their myopia does not exceed ^ or 
1^, then they are still able to read at the distance 
of their far point (12^^ or 14^^), as only the near 
point undergoes a change ; it coincides, in fact, with 
the far point in cases of complete paralysis of the 
accommodation, and the far point lies here suffi- 
ciently near to the eye to permit of small objects 
being seen distinctly. But the case is very dif- 
ferent in hypermetropic persons, for their sight 
suffers both for near and distant vision, as both 
the near and far point are affected. 

When the paralysis is incomplete, the symp- 
toms often resemble those of astlienopia, and the 
cause of the affection may escape detection, if the 
range of accommodation and the state of refraction 
be not accurately examined. 

The treatment of these cases of paralysis of 
the accommodation must depend upon the cause. 
If the patient has been suffering from diphtheria, 
or any debilitating disease, tonics must be our 
chief remedy, and the affection will then generally 
yield in the course of from two to three montha 
The same occurs also in the rheumatic form, in 
which flying blisters to the temples, and the vera- 
trine ointment may be employed with advantage, 
together with the secale cornutum. In the cases 
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wMcli are supposed to be due to syphilitic origin, an 
antisyphilitic treatment should be had recourse to. 

In the rheumatic and diphtheritic form I have 
largely tried the effect of the solution of the 
Calabar bean, and with excellent results. I 
employ it of sufficient strength to cause con- 
siderable contraction of the ciliary muscle and of 
the constrictor pupillse, without, however, fatiguing 
them too much. I allow the effect then to pass off 
entirely, and after a few days^ rest, re-apply the ex- 
tract, and thus stimulate the muscles periodically. 

The first case* in which I tried the effect of 
the Calabar bean was one of almost complete 
paralysis (rheumatic) of the ciliary muscle. It 
occurred very shortly after the discovery of my 
friend. Dr. Argyle Robertson, that the Calabar 
bean not only causes contraction of the sphincter- 
pupillae, but also of the ciliary muscle, and cor- 
roborated his experiments in every respect. 

On the application of a very Httle of the strong 
solution (1 drop = 4 grains) to the inside of the 
lower eyeUd, a little irritation and redness is pro- 



♦ This case will be found in the "Med. Times and 
Gazette," May 16, 1863, with the effect upon the pupil and 
accommodation described at length ; together with the notes 
of Mr. Bowman's personal experience of its physiological 
effects. 
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duced, but this passes off very rapidly. Within 
5 — 10 minutes the pupil begins to contract, and at 
nearly the same time the spa^m of the ciliary muscle 
commences. The contraction of the pupil reaches 
its maximum degree (about V in diameter) in 
about 30 — 45 minutes. After about 2 — 3 hours it 
gradually dilates again, but it does not regain its 
normal size till after the lapse of 2 — 3 days, when 
it may even become somewhat larger than before. 
Even during its greatest contraction the pupil is 
stUl under the influence of light. 

The spasm of the acconmiodation commences 
about the same time, as the contraction of the 
pupU, and both the near and far point become 
greatly approximated to the eye, which becomes, 
in fact, strongly myopic. The far point in the 
enmietropic eye may be brought to 5^' — 6"' from 
the eye, and the near point to 3'^ — 3^'^ The effect 
upon the acconmiodation passes off much sooner 
than that upon the pupil, for three or four hours 
generally suffice to restore the state of refraction 
and acconamodation to its normal condition. 

That the spasm of accommodation is due to 
the action of the drug upon the muscles of accom- 
modation, and not upon the iris, is proved incon- 
trovertibly by Von Graefe,**^ who tried its effect 
* Archiv. ix, 3, 113. 
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upon the afore-mentioned case of complete absence 
of the iris (p. 27), and found that the action upon 
the accommodation took place at about the same 
time, and in exactly the sanie manner, as in eyes in 
which the iris was present. The action of the 
Calabar bean is, therefore, upon the ciliary nerves, 
and completely independent of its effect upon the 
iris. 

The effect of the Calabar bean in counteracting 
the action of atropine has also been proved by 
many experiments. The weaker solutions of atro- 
pine are easily overcome by a strong solution of 
Calabar. But the complete paralysis of the accom- 
modation by a strong solution of atropine (4 grains 
to the ounce) is only temporarily overcome even 
by a very strong solution of Calabar, 1 drop ■= 4 
grains ; the pupil becomes smaller, and the state 
of refraction increased, but the action of the atro- 
pine re-asserts itself in the course of a few hours. 
In such cases, we must repeat the application of 
the Calabar when necessary, until the effect of the 
atropine upon the accommodation has disappeared. 

We find that a considerable amount of asthe- 
nopia is sometimes produced by over exertion of 
the eyes at near objects. The asthenopia does not, 
in this case, depend either upon hypermetropia or 
insufficiency of the internal recti muscles, but 
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simply upon fatigue of the muscle of ax*commoda- 
tion, through continued work at near objects : this 
state being, in fact, analogous to that produced in 
other muscles by long-continued over work. In 
order to treat this form of asthenopia effectually, 
total rest of the eyes is essentially necessary, and 
a complete abstinence from all accommodative 
exertions must be enforced. The patient should, 
therefore, be supplied with convex spectacles of 
sufficient strength to render rays, emanating even 
from very near objects, parallel, i.e., as if they 
came from distant objects (from the far point) ; 
thus there will be no exertion of the accommo- 
dation during reading, writing, &c. After these 
spectacles have been used for some time. Von 
Graefe advises that the eye should be metho- 
dically exercised as to its accommodation, by 
gradually accustoming it to weaker convex glasses, 
the distance of the object remaining the* same. 
The spectacles should be of a blue tint, in order to 
diminish the irritation of the retina, which has, in 
most cases, been produced by the circles of difiu- 
sion, caused by the inefficient action of the accom- 
modative apparatus. 

We may also rest the accommodation by 
paralysing it by a strong solution of atropine. In 
such cases a pair of dark blue eye-protectors 
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should be worn in a bright light, so as to prevent 
the photophobia dependent upon the great size of 
the pupil. 

Spasm of the ciliary muscle is of rare occur- 
rence. We have already stated that it may now 
be produced by the action of the Calabar bean ; for 
this not only greatly contracts the size • of the 
pupil, but also gives rise to spasm of the accom- 
modation, rendering the eye very myopic. 

A peculiar spasm of the accommodation has 
been noticed by Von Graefe, in which an involun- 
tary action of the muscles of accommodation 
occurred spasmodically, during every attempt to 
see further than the natural far point. He desig- 
nated this condition (which is ver^ rare) as 
** myopia in distans.'' 

The following is a short outline of the case : 

" A gardener (about 30 years of age), was able 
to read the smallest print from 4 — 18^^, medium 
type up to 2', the largest sized print up to 2f ', and 
yet he could only distinguish the vague outline of 
the windows of a house fifty yards off, being not 
even able to recognise their division into panes ; 
he was likewise not able to say whether or not 
there was any writing on a signboard at the same 
distance (fifty yards). A short-sighted individual, 
who could only read the largest print within 2^, on 
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being placed beside him, for the sake of comparison, 
had a far more distinct impression of objects at the 
same distance, and could, without nipping his 
eyelids together, even distinguish the first letters 
(1' in height) of the inscription on the signboard. 
A third myop, who could only read the largest 
print up to l^\ had yet far more distinct impres- 
sions than the first-named patient, and an exces- 
sively short-sighted individual (suffering from 
sclerotico-choroiditis posterior), who could only 
read the smallest print up to 4'', the largest up 
to 6^', saw distant objects about the same as the 
first individual, who only required concave 30 for 
seeing weU at a distance, whereas the very short- 
sighted person required concave 3 — 3^. The first- 
named patient therefore appeared to me to be a 
capital example of myopia in distans, and well 
fitted for the accurate determination of the 
existing conditions." 

When Von Graefe tried him with an object (a 
portrait), gradually removing it further from the 
eye, there was not, as in common cases of myopia, 
a gradual diminution of distinctness ; but at a cer- 
tain, tolerably constant, point (considerably beyond 
the alleged far point), the object suddenly appeared 
to become wider and more indistinct ; so that the 
patient could still distingmsh the features up to 
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about 6\ but could not at lO'^ distance even discern 
the outlines of the picture. 

Although he could see distant objects clearly 
when a weak concave glass (No. 30) was placed 
before his eye, yet a certain time was necessary 
for this, and he felt that the tension of his eye 
changed — ^his description of this sensation corre- 
sponding exactly to that experienced during a 
change of accommodation. But if the same weak 
concave lens was moved rapidly past the eye, 
vision was not improved ; and Von Graefe there- 
fore thinks that in the latter instance the necessary 
changes in the refraction of the eye could not be 
attained in a sufficiently short space of time. If, 
however, whilst the patient was stUl looking at a 
distant object, a strong concave lens (No. 6) was 
placed before the eye, he could instantly see dis- 
tinctly, and did not experience the above-mentioned 
sensation of a change of accommodation ; moreover, 
the distant objects appeared at once perfectly dis- 
tinct, even when this strong concave glass was 
moved rapidly past the eye. 

From these facts Von Graefe thought it proba- 
ble that, in looking at distant objects, the patient's 
eye was not accommodated for its far point, but in 
an opposite direction, for a much nearer, perhaps 
even its nearest point of distinct vision. 
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Spasm of the ciliary muscle is also occasionally 
met with in hypermetropia, and appears here in 
the form of exalted tension caused by the per- 
sistent effort to overcome the anomaly of refirac- 
tion. It may in such cases simulate the symptoms 
of myopia, and be mistaken for it, as concave 
glasses improve the sight for distant objects. 

Dr. Liebfeich has reperted a most interesting 
case,* in which the patient was apparently suffer- 
ing from myopia, requiring concave glasses for 
distant objects ; but there was really no myopia, 
but hypermetropia, together with spasm of the 
ciliary muscle. 

The patient could only see distinctly, with 
either eye, or with both together, at 6^' ; nearer, 
or further off, the object became indistinct. For 
distant objects she, however, required concave 40, 
and not, as might have been supposed from the 
apparent amount of myopia, concave 6 or 7. When 
looking at distant objects, the eyes were conse- 
quently accommodated for 40^', and yet an object 
at the latter distance could not be seen distinctly 
with the naked eye, but only with concave 50. 
On approximating the object gradually to the eye, 
stronger and not weaker concave glasses (varying 
from No. 50 to 40) wer^ required ; even at 7'' 
* Von Graefe's Archiv. viii, 1, 259. 
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distance the object could only be distinctly seen 
through concave 40 ; whereas at 6^' it was best 
seen with the naked eye, the weakest concave or 
convex glasses rendering it indistinct. With con- 
vex 10 she could only see it distinctly at i'\ 
neither nearer nor further off. 

Dr. Liebreich at once assumed from these 
symptoms that there was spasm of the ciliary 
muscle, and in order to ascertain what the state 
of refraction of the eye really was, paralysed the 
accommodation by the instillation of a strong 
solution of atropine ; this had, however, to be 
repeated several times before the muscle was 
thoroughly paralysed. It was then found that 
instead of being myopic, the eye was, in fact, 
hypermetropic, and that the hypermetropia = g^. 

The patient was ordered to abstain from work- 
ing at near objects ; the instillation of atropine 
was continued for some time, in order to remove 
the spasm ; and she was also furnished, for dis- 
tance, with the convex glasses which neutralised 
the hypermetropia. 

But even in slight or medium degrees of 
hypermetropia the continued tensioli of the accom- 
modation may lead to a more or less considerable 
spasm of the ciHary muscle, the symptoms appear- 
ing in the form of asthenopia, with severe pain upon 
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the least efibrt to work at near objects. Convex 
glass renders no improvement. In such cases, the 
accommodation must be completely paralysed by 
a strong solution of atropine (4 grains to the 
ounce), and this paralypis must often be kept xip 
for many months. It should be applied about 
twice a week, and after it has been used for some 
weeks, it may be suspended for a few days, and 
when the paralysis has disappeared, an attempt 
may be made to read with suitable convex glasses ; 
should the patient be able to do so without any 
pain or difl&culty, the atroppine may be left ofl^ to 
be, however, again employed directly any symp- 
toms of spasm show themselvea 
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